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Preface 


This  study  was  undertaken  to  assist  the  Ontario  Ministry  of  Environment  and  Energy  (OMEE) 
to  formulate  and  evaluate  several  strategy  options  for  reduction  of  ground-level  ozone 
concentrations  in  Ontario  (especially  the  Southern  Ontario  Corridor). 

The  study  complements  and  rounds  out  previous  studies  (listed  in  the  Introduction)  on  means 
and  costs  of  reducing  emissions  of  nitrogen  oxides  and  volatile  organic  compounds,  which  are 
precursors  of  ground-level  ozone.  Together  with  these  previous  studies,  and  OMEE's  own  work 
on  its  Acid  Deposition  and  Oxidants  Model  (ADOM),  the  study  provides  the  basis  for  cost- 
benefit  analysis  and  policy  analysis  of  options  to  reduce  ground-level  ozone  concentrations  in 
Ontario.  As  an  overall  framework,  however,  this  study  has  gaps  in  those  areas  that  are  addressed 
by  the  other  work.  Fiuther  work  is  still  required  to  draw  together  and  apply  all  of  these  results. 
Nevertheless,  this  study  provides  a  sound  basis  on  which  to  proceed  to  do  this. 

The  principal  authors  of  this  study  were  Peter  Stokoe,  Murray  Trott,  Usman  Valiante,  Evelyn 
Nepom  and  Adam  White  of  Hickling  Corporation,  and  Paul  Complin  of  Bechtel  Canada 
Incorporated.  David  Heeney  of  Hickling  served  as  Parmer-in-Charge  of  the  project. 

The  authors  gratefully  acknowledge  the  guidance  of  the  Project  Authority,  Jack  Donnan  of 
OMEE,  and  helpful  comments  or  other  assistance  from  David  Hall,  Michael  Young,  Arun 
Deshpande,  John  Jeffries,  David  Yap  and  Simon  Wong  of  OMEE.  The  authors  also  gratefully 
acknowledge  the  assistance  of  Arthur  Sheffield,  Wayne  Draper,  Libby  Greenwood  and  Barbara 
Green  of  Environment  Canada,  Frank  Bunyard  of  the  USEPA,  and  numerous  staff  of  the  CARB, 
SCAQMD  and  BAAQMD. 
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Introduction 


Anthropogenic  emissions  of  nitrogen  oxides  (NOJ  and  volatile  organic  compounds  (VOCs)  can 
have  adverse  environmental  effects  both  directly,  and  especially  as  precursors  of  ground  level 
ozone.  Ground  level  ozone  contributes  to  urban  smog,  and  has  adverse  effects  on  human  health 
and  on  agricultiiral  crops  and  vegetation.  The  Canadian  federal  and  provincial  authorities  have 
developed  specific  air  quality  objectives  and  criteria  to  limit  these  effects.  The  Ontario  one-hour 
ambient  air  quality  criterion  (AAQC)  for  ozone  is  80  parts  per  billion  (ppb).'  However,  ozone 
levels  on  summer  days  in  urban  areas  of  southern  Ontario  range  from  110  to  160  ppb  (OMOE 
1992a). 

1.1     The  National  and  Provincial  Management  Plans 

The  Canadian  Council  of  Ministers  of  the  Environment  (CCME  1990d)  has  developed  a  detailed 
Phase  1  national  plan  to  reduce  projected  emissions  of  NO,  and  VOCs  from  several  of  their 
anthropogenic  sources  (CCME  1990d).  The  national  plan  includes  numerous  initiatives  under 
a  "national  prevention  program"  and  an  "illustrative  regional  remedial  program".  Within  the 
context  of  this  national  plan,  Ontario  is  establishing  its  own  NO/VOCs  management  plan. 


1        As  specified  in  Regulation  296  of  the  Ontario  Environmental  Protection  Act. 
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1.2  Purpose  of  this  study 

The  purpose  of  this  study  is  to  assist  the  Ontario  Ministry  of  the  Environment  and  Energy  to 
formulate  and  evaluate  five  Strategy  Options  for  Ontario: 

a  Base  Case  (for  comparison)  of  no  further  measures  affecting  emissions; 

a  25%  reduction  in  emissions  achieved  at  least  social  cost; 

a  50%  reduction  in  emissions  achieved  at  least  social  cost; 

implementation  of  the  full  CCME  Plan  in  Ontario; 

the  lowest  (technically)  achievable  emission  rate  (LAER). 

In  particular,  the  main  contributions  of  this  study  are  to: 

•  construct  Base  Case  forecasts  of  emissions  of  NO,  and  VOC; 

•  develop  an  inventory  of  emission  reduction  actions,  of  known  effectiveness  and  costs, 
that  could  be  applied  to  the  major  categories  of  emission  sources; 

•  construct  an  "emissions  reduction  supply  curve"  (also  called  a  "least  cost  abatement 
curve")  indicating  the  emissions  reduction  actions  that  can  be  undertaken  at  or  below  a 
given  incremental  cost; 

•  provide  a  framework  and  parameters  for  evaluating  the  benefits  of  reductions  in 
tropospheric  ozone  concentrations  in  Ontario. 

The  emissions  reduction  supply  curve  summarizes  the  essential  information  required  for 
evaluating  the  five  Strategy  Options  and  policy  measures  (e.g.  regulations,  voluntary  programs 
or  economic  instruments)  for  achieving  them.  The  benefits  evaluation  framework  allows 
evaluation  of  the  benefits  of  reducing  emissions  of  NO,  and  VOC  in  Ontario,  on  the  basis  of 
assumptions  regarding  background  concentrations  received  from  outside  the  Province  and 
analysis  by  means  of  the  Ministry's  models  of  atmospheric  processes  that  determine  ozone 
concentrations. 

1.3  Previous  relevant  studies 

Substantial  elements  of  analysis  have  already  been  performed  that  are  relevant  to  the  evaluation 
of  the  Strategy  Options: 

Nitrogen  oxide  and  volatile  organic  compounds  abatement  cost  study  (VHB  and  SENES  1992) 
examined  abatement  technologies  and  costs  for  three  major  emitting  sectors:  petroleum  refining 
and  coal  products;  chemical  products  industries;  and  electric  utilities. 

Reductions  of  energy  use  and  emissions  in  Ontario's  transportation  sector  (VHB,  McCormick 
Rankin  and  Pilorusso  1991)  considered  measures  that  could  reduce  emissions  from  mobile 
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NO^  emissions  trading  study  (NERA,  VHB  and  Goodfellow  1992)  considered  the  feasibility  and 
potential  efficiency  gains  of  establishing  an  NO,  emissions  trading  system  in  Ontario. 

Countdown  Acid  Rain  future  abatement  strategies  (SEMES  1991)  considered  costs  and 
effectiveness  of  measures  for  further  reductions  of  emissions,  including  NO,,  from  major  sources 
in  Ontario,  beyond  the  Countdown  Acid  Rain  program. 

Acid  rain  and  oxidant  precursors  control:  strategies  beyond  1994  (SENES  and  Barakat  and 
Chamberlain  1992)  updated  the  previous  report,  with  additional  attention  to  VOC  emissions  from 
major  point  sources. 


1.4     Scope  of  this  study 

The  present  study  supplements  these  previous  analyses  with  an  analysis  of  control  options  and 
costs  for  several  stationary  point  and  area  sources,  including  mobile  sources  of  NO,  and  VOCs. 
Specifically  the  selected  sources  are: 

Stationary  sources: 

general  solvent  use 
paints  and  coatings 
printing 
dry  cleaning 
degreasing 
vapour  recovery 
industrial  boilers. 

Mobile  sources: 

•  automobiles,  trucks  and  motorcycles. 


1.5     Contents  of  this  report 

This  report  presents  a  summary  of  data  from  the  Ontario  Emissions  Inventory  (OMOE  1992)  for 
the  requirements  of  this  project,  and  develops  a  Base  Case  forecast  of  NO,  and  VOCs  emissions 
for  Ontario  and  the  Ontario  portion  of  the  Windsor-Quebec  Corridor  (WQC).  The  Ontario 
portion  described  in  this  study  is  the  Southern  Ontario  Corridor  (SOC),  defined  to  include 
Ontario  census  regions  within  the  WQC.  Particular  attention  is  given  to  sources  of  emissions  in 
Ontario  and  the  SOC.  The  emissions  summary  and  Base  Case  were  developed  at  a  level  of 
detail  (disaggregation)  and  precision  using  the  best  information  made  available  at  the  time  of 
writing,  for  the  main  purpose  of  evaluating  control  options  for  each  of  the  selected  sources. 
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Some  of  the  ways  in  which  the  accuracy  of  the  summary  and  Base  Case  forecast  could  be 
improved  are  suggested  at  the  end  of  the  report.  This  report  reviews  information  on  technically 
feasible  actions  and  associated  costs  for  reducing  NO,  and  VOC  from  the  specific  stationary  and 
mobile  sources.  Similarly,  the  literature  on  the  costs  of  tropospheric  ozone  damage  and  the 
benefits  of  reducing  ozone  levels  is  reviewed,  and  a  model  is  developed  for  assessing  the 
benefits  ot  reducing  ozone  levels  in  Ontario. 

Several  methodologies  were  developed  to  estimate  the  costs  of  actions  to  reduce  emissions  of 
NO,  and  VOCs. 

The  costs  of  actions  affecting  emissions  from  stationary  sources  are  calculated  on  either:  i)  the 
quantity  of  emissions  reduced;  or,  in  the  case  of  boilers,  ii)  the  thermal  capacity  rating  of  the 
boiler.  The  cost  estimates  for  most  of  the  actions  affecting  emissions  from  on-road  mobile 
sources  are  based  on  the  type  and  number  of  motor  vehicles.^ 

The  cost  estimates  are  based  on  information  gathered  from  the  technical  literature,  the  emissions 
forecasts  by  source  category  developed  from  the  Ontario  Emissions  Inventory  (OEI)  and  Ontario 
Ministry  of  Transportation  forecasts  of  on-road  motor  vehicle  demand  by  type  of  vehicle.  The 
total  annual  cost  of  each  action  is  estimated  based  on  the  discounted  capital  cost  plus  the  annual 
operating  cost  of  the  action.  Quantified  benefits  of  the  action,  for  example  energy  savings,  are 
included  when  available.  A  private  discount  rate  of  6%  and  a  social  discount  rate  of  3%  are  used 
to  discount  one-time  capital  expenditures  of  actions.  All  costs  are  in  1990  dollars.  Costs  are 
expressed  as  capital  and  operating  and  annualized  cost  to  achieve  a  given  reduction  in  NO,  or 
VOCs  emissions  in  2005  relative  to  the  Base  Case  forecast,  based  on  the  OEI.  Total  annualized 
cost  of  an  action  equals  the  discounted  capital  cost  plus  annual  operating  cost  minus  quantified 
benefits  of  the  action.  The  cost  and  emissions  reduction  data  are  used  to  determine  the  average 
and  marginal  (or  incremental)  cost  of  each  action.  Details  of  the  information  used  to  estimate 
the  costs  of  each  action  are  provided  in  Appendix  K. 

These  actions  and  costs  were  used  to  develop  a  least-cost  abatement  function,  and  determine  the 
potential  measures,  actions  and  costs  associated  with  each  of  the  Strategy  Options.  This  and  the 
information  on  benefits  will  be  used  to  evaluate  each  of  the  Strategy  Options. 

In  particular,  given  the  implications  of  each  of  the  Strategy  Options  for  low-level  ozone 
concentrations,  the  next  steps  are  to  evaluate  the  benefits  of  these  Options,  and  assess  the 
impacts  of  these  Strategy  Options  on  economic  sectors,  the  overall  economy,  and  government 
resources. 


Estimates  of  the  costs  changes  in  traffic  management  systems  and  shifts  in  the  transit  mode  split  are 
based  on  cost  estimates  provided  in  the  bterature. 
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The  analysis  conducted  here  was  based  on  a  version  of  the  Ontario  Emissions  Inventory  (OEI) 
supplied  by  the  Air  Resources  Branch  of  OMOE  (OMOE  1992b).  This  version  of  the  OEI 
provides  emissions  estimates  for  1985,  the  most  recent  year  for  which  a  complete  inventory  is 
available.  The  year  1985  is  therefore  the  initial  year  or  "present"  for  the  purposes  of  this 
analysis.  Records  in  the  OEI  database  were  searched  and  aggregated  into  two  geographic  areas 
(the  "Southern  Ontario  Corridor"  and  all  of  Ontario)  and  several  source  categories  that  could  be 
subject  to  emission  reduction  initiatives. 

2.1     Delineation  of  the  Southern  Ontario  Corridor  (SOC) 

The  CCME  NO,A^OCs  Management  Plan  (CCME  1990d)  designates  three  regions  of  Canada 
as  ozone  non-attainment  areas:  the  Lower  Eraser  Valley  in  British  Columbia,  the  Windsor- 
Quebec  Corridor  (WQC)  in  southern  Ontario  and  Quebec,  and  the  Southern  Atlantic  Region 
(Saint  John  area).  The  WQC  was  defined  geographically  as  a  group  of  adjacent  census  regions 
in  southern  Ontario  and  Quebec  (Draper  1992).  For  the  purposes  of  this  report,  we  defined  the 
census  regions  contained  within  the  Ontario  portion  of  the  WQC  as  the  Southern  Ontario 
Corridor  (SOC).  These  census  regions  are  presented  in 
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Appendix  A.  The  census  regions  are  consistent  with  county  boundaries  as  presented  in  Figure  1 . 

In  order  to  assign  records  in  the  OEI  to  the  SOC  it  was  necessary  to  overlay  county  boundaries 
with  the  UTM  grid  cells  used  in  the  OEI.  Using  a  geographic  information  system,  UTM  grid 
cells  falling  within  SOC  county  boundaries  were  selected  for  inclusion  in  the  SOC  portion  of 
the  inventory  (all  UTM  cells  for  which  at  least  half  the  area  fell  within  the  SOC  boundary  are 
assumed  to  be  part  of  the  WQC). 


2.2     The  Ontario  Emissions  Inventory 

The  1985  OEI  consists  of  two  databases:  one  for  stationary  point  sources  of  stationary 
(immobile)  sources,  and  one  for  area  sources. 

The  point  source  database  was  developed  from  surveys  of  individual  stacks  emitting  pollutants. 
For  each  point  source,  a  Source  Classification  Code  (SCC)  is  used  to  describe  individual 
production  processes  within  an  establishment  (firm)  which  emits  pollutants.  The  area  source 
database  relies  on  statistical  population  and  use  data  to  account  for  small  stationary  point  and 
non-point,  and  mobile  sources  which  cannot  be  surveyed  or  easily  monitored.  An  area  Sector 
Code  (SC)  is  defined  for  each  area  source  analogous  to  the  point  source  SCC  describing  the 
nature  of  the  emissions  source  (S.  Wong,  OMEE,  personal  communication,  1994).  The  area 
source  sectors  included  in  the  area  source  database  are  listed  in  Appendix  E.  Table  1  summarizes 
the  attributes  of  the  point  and  area  source  databases. 

2.2.1      Background  and  limitations 

Many  of  the  emissions  estimates  provided  in  the  CCME  Management  Plan  (1990d)  are  not 
derived  from  the  OEI,  since  OEI  does  not  easily  lend  itself  to  isolation  of  records  pertaining  to 
source  categories  subject  to  initiatives  under  the  Plan.  The  use  of  the  1985  OEI  to  develop  a 
Base  Case  emissions  forecast,  economic  forecasts,  and  reductions 
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Table  1       Attributes  of  OEI  databases 


Database  Types  of  sources  covered 

Point  sources  Large'  stationary  point  sources 

Area  sources  Small'  stationary  point  sources 

Stationary  non-point  sources 
Mobile  sources 

Notes:  a  -  There  is  no  clear  cut-off  point  between  large  and  small  stationary  point  sources. 


resulting  from  process  and  use  changes  is  limited  by  the  detailed  information  on  SICs  and 
SCCs  it  provides.  Such  information,  identifying  the  type  of  industry  (SIC)  in  which  a  source 
sec  belongs  is  provided  in  the  OEI  stationary  point  sources  database.  This  same  information 
is  not  provided  for  stationary  area  sources  within  the  OEI. 

In  addition,  the  allocation  of  OEI  stationary  point  soiu"ce  records  to  the  appropriate  emissions 
source  category  defined  in  the  Management  Plan  (CCME  1990d)  is  a  difficult  process,  fraught 
with  ambiguities.  For  example,  records  relating  to  solvent  use  may  be  applicable  to  the  "general 
solvent  use"  inventory  or  the  "degreasing"  inventory.  SCC  codes  are  often  inadequate  to  make 
the  appropriate  allocation. 

The  quantitative  definition  of  point  and  area  sources  also  is  not  clear.  In  general,  larger  point 
sources  are  included  in  the  stationary  point  source  database,  and  smaller  ones  in  the  stationary 
area  source  database  (see,  Table  1).  Without  a  clear  definition  of  the  "cut-off'  point,  there  exists 
the  potential  for  double  counting. 

Nevertheless,  the  OEI  provides  the  only  comprehensive  inventory  of  stationary  source  emissions 
in  Ontario.  It  is  updated  regularly.  It  is  also  in  the  process  of  being  modified  to  be  compatible 
with  the  national  Residual  Discharge  Inventory  System  (RDIS)  emissions  inventory.  The 
structure  of  the  OEI  makes  it  easily  adaptable  to  air  pollution  modelling,  in  particular  the 
ADOM  model  which  can  be  used  to  forecast  ozone  levels.  For  these  reasons,  special  efforts  have 
been  made  in  this  analysis  to  adapt  the  OEI  to  provide  the  emission  summaries  for  use  in  this 
study. 

2J1J2     Application  of  the  OEI  databases  to  this  study 

The  levels  of  aggregation  in  emissions  inventories,  summaries  and  forecasts  is  guided  by  the 
types  of  emissions  of  concern.  For  this  study  eight  source  categories  of  concern  are  identified 
(boilers,  solvent  use,  degreasing,  dry  cleaning,  paints  and  coatings,  printing,  vapour  releases  and 
transportation).  Accordingly,  initiatives  outlined  in  the  Management  Plan  (CCME   1990d) 
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addressing  these  source  categories  guided  the  selection  of  records  in  the  OEI  to  be  included  in 
the  emissions  summaries  for  this  study.  For  example,  CCME  Management  Plan  Initiative  V606 
which  calls  for  the  retrofit  of  storage  tanks  to  reduce  fugitive  VOCs  emissions  in  both  the 
petroleum  refining  and  organic  chemical  manufacturing  sectors.  Based  on  the  scope  of  this 
initiative  outlined  in  the  national  Management  Plan  the  OEI  was  searched  for  records  pertaining 
to  fugitive  leaks  from  both  of  those  sectors.  A  summary  of  Management  Plan  initiatives  relevant 
to  each  of  the  source  categories,  and  the  types  of  emissions  they  affect  can  be  found  in 
Appendix  B. 

In  general,  compiling  an  inventory  for  each  source  category  required  the  following  steps 
(Table  2): 

For  the  point  source  database: 

i)  searching  the  point  source  database  for  records  with  SICs  and  SCCs  applicable 

to  the  types  of  initiatives  in  the  Management  Plan  (CCME  1990d)  relevant  to 
each  source  category; 

ii)  scanning  the  results  of  the  search  to  ensure  the  records  captured  are  appropriate; 
and 

iii)  ensuring  that  double  counting  does  not  occur  (e.g.  a  record  may  be  applicable  to 
general  solvent  use  and  degreasing). 

For  the  area  source  database: 

iv)  searching  the  stationary  area  source  database  for  sectors  applicable  to  each 
source  category. 

sec  aggregations  and  point  source  sector  classifications  are  provided  in  Appendix  D. 

2.3     Nitrogen  oxides  emissions 

23.1     Natural  sources 

The  three  gaseous  forms  of  nitrogen  oxides  (NO,)  are  nitrous  oxide  (NjO),  nitric  oxide  (NO)  and 
nitrogen  dioxide  (NO^).  The  main  natural  sources  of  NO,  are  biomass  burning,  lightning  and  soil 
processes  (United  States  National  Research  Council  1991). 

Inventories  of  emissions  of  nitrous  oxide  (NjO)  in  Ontario  have  been  developed  as  part  of 
greenhouse  gas  emissions  inventories  (ORTECH  1991,  SENES  1992).  A  comparison  of  the  N^O 
emissions  estimates  from  these  two  sources  is  shown  in  Table  3;  the  major  discrepancy  in 
emissions  estimates  from  these  sources  is  in  the  estimates  of  emissions  from  soils. 
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Table  2       Methods  to  select  records  for  stationary  source  categories 

Source 
categories 

Emissions  from  point  source  database 

Emissions 
from  area 
source 
database 
(source  code) 

Exclusions  (to  avoid 
double  counting) 

SICs 

sec  descriptioDS* 

industiial  boilers 

"extcomb",  "process 

heater", 

"combustion" 

general  solvent          -SICs  related  to  solvent 
use                            wastes  in  generator 
registration  base 
(scanned  for  relevant 
sec  description) 

-SIC  5971 

-"solvent" 

-specific  solvents: 

"benzene",  "toluene", 

"xylene",  "acetone", 

"methylethylketone", 

"alcohol", 

"cyclohexane", 

"varsol" 

SC  110 
SC  111 
SC  131 
SC133 
SCI38 

records  with  keywords 

for 

-fuel  combustion 

dry  cleaning 

-SIC  9721 

-"perc" 

SC  105' 

paints  and 
coatings 

-SIC  375»'' 

-"paint",  "enamel", 
"vamish",  "lacquer" 

SC  106 
SC107 
SC  108 
SC  136 

records  with  keywords 

for 

-fuel  combustion 

-general  solvent  use 

-printing 

-vapour  recovery 

printing 

-SIC  379* 
-SIC  2791 
-SIC  2821 

"ink" 

SC109 

records  with  keywords 

for 

-fuel  combustion 

-general  solvent  use 

-paints  and  coatings 

-vapour  recovery 

degreasing 

"degreas" 

SC  104 

records  with  keywords 

for 

-fuel  combustion 

-general  solvent  use 

-paints  and  coatings 

-printing 

vapour  recovery        -SIC  5 1 1 1  * 
-SIC  361* 
-SIC  378 
-SIC  6331* 
-SIC  45* 

-"strg".  "tank" 

SC  101  ■ 
SC  102 
SC  103 

Notes:      a 
b 

SCCs  and  source  categories  are  presented  in  Appendix  D. 

Includes  all  establishments  with  four  and/or  five  digit  SIC  designations.  The  text  of  the  study  excludes 

from  all  references  to  SICs. 
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Table  3       Comparison  of  1988  Ontario  emission  estimates  for  NjO 


1 

Source 

NjO 

emissions  (kt) 

Senes 

ORTECH 

Forest  fires 

1.40 

1.37 

Lightning 

0.48 

- 

Soils 

222.80 

15.11 

Total  natural  sources 

224.68 

16.48 

Total  all  sources 

248.02 

32.46 

Sources:      SENES  1992;  ORTECH  1991. 

23J2     Stationary  sources 

Industrial  boilers 

The  term  "boilers"  is  somewhat  confusing.  Initiatives  in  the  Management  Plan  (CCME  1990d) 
addressing  boilers  also  include  process  heaters.  In  general  measures  addressing  fuel  combustion 
affect  both  boilers  and  heaters.  For  this  reason  the  practical  definition  of  the  source  category 
"boilers"  was  expanded  in  this  study  to  include  emissions  from  the  combustion  of  fuel  taking 
place  in  both  boilers  and  process  heaters. 

Emissions  from  fuel  combustion  were  derived  from  the  stationary  point  source  database.  Records 
reflecting  fuel  combustion  were  defined  based  on  SCC  codes  (see,  Appendix  D),  and  include 
emissions  from  boilers  and  process  heaters. 

Wherever  the  SCC  permitted,  residential,  industrial  and  commercial,  and  utility  emissions  were 
distinguished.  Records  which  do  not  contain  sufficient  information  to  make  this  distinction  were 
classified  as  industrial. 

233     Mobile  sources 

Emissions  of  NO,  from  mobile  sources  include  the  following  categories: 

•  on-road  vehicles; 

•  air,  rail  and  marine  activity; 

•  off-road  internal  combustion  vehicles  (agriculttiral,  industrial  and  construction);  and 
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•  Other  internal  combustion  mobile  sources  (lawnmowers,  snowmobiles  and  marine 

pleasure  craft. 

Base  year  emissions  are  from  the  OEI  (OMOE  1992b)  area  sources  database  (Table  4). 
Appendix  F  presents  the  estimated  NO,  emissions  from  mobile  sources  in  Ontario  and  the  SOC 
in  1985. 


Table  4       Mobile  area  source  categories 


Source  Category 

Emissions  from  area  source  database  (SC) 

On-road  vehicles,  light  duty 

Light  duty 

SC  001  to  SC  006 

Medium  duty 

SC007 

SC008 

Heavy  duty 

SC  009  to  SC  012 

Motorcycles 

SC0I3 

Air,  rail  and  marine 

SC  028 

SC  033  to  SC  036 

SC  038  to  SC  039 

Off-road  vehicles 

SC  020  to  SC  023 

Other 

SC024 

SC  025 

SC040 

Source:       OMOE  1992b  (OEI  1985). 

2.4    Volatile  organic  compounds  emissions 

2.4.1      Natural  sources 

VOCs,  such  as  isoprene  and  alkenes,  are  released  by  vegetation.  The  rate  of  these  emission  from 
a  given  area  depends  on  vegetation  cover  and  climate.  Biogenic  VOC  emissions  have  been 
estimated  for  Canada,  based  on  127  km  x  127  km  grid  cells,  with  each  cell  being  characterized 
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in  terms  of  vegetation  cover  and  climate  (Scholtz  and  Davidson  1989).  For  Ontario,  this  yielded 
estimates  of  biogenic  emissions  of  VOCs  in  Ontario  of  1.56  million  t/a  in  1985  and  1.77  million 
t/a  in  1988.  Thus,  there  can  be  considerable  interannual  variability  of  biogenic  VOC  emissions. 

For  the  purposes  of  deriving  these  estimates,  Ontario  was  divided  into  four  climate  zones,  of 
which  climate  zone  6-1  corresponds  approximately  to  the  SOC.  The  biogenic  VOC  emissions 
for  climate  zone  6-1  were  estimated  to  be  84,301  t/a  in  1985  and  95,473  t/a  in  1988,  or  about 
5-6%  of  the  Ontario  total  biogenic  emissions  in  each  year. 

As  might  be  expected,  there  is  a  large  seasonal  variability  in  biogenic  VOC  emissions,  with 
about  half  occurring  in  the  summer,  and  most  of  the  remaining  half  equally  divided  between  the 
spring  and  fall.  It  is  expected,  however,  that  "biogenic  and  anthropogenic  VOC  emissions  would . 
play  somewhat  different  roles  in  the  overall  regional  atmospheric  chemistry"  (Scholtz  and 
Davidson  1989). 

2.4.2     Stationary  sources 

Industrial  boilers 

Emissions  from  fuel  combustion,  in  boilers  were  derived  from  the  stationary  point  source 
database.  Records  reflecting  fuel  combustion  were  defined  based  on  SCC  codes,  and  include 
emissions  from  boilers  and  process  heaters  (see.  Appendix  D). 

General  solvent  use 

Management  Plan  (CCME  1990d)  initiatives  to  reduce  emissions  from  solvent  use  include: 

•  installation  of  vapour  control  mechanisms  on  solvent  storage  tanks  in  the  petroleum 

refining  and  organic  chemical  manufacturing  sectors  (V606  and  V302) 
product  reformulation  (VI 04) 
product  substitution  (V202) 
add-on  controls  during  solvent  use  (VI 04) 
more  careful  work  practices  during  solvent  use  (VI 04) 
solvent  recovery  and  recycling  (V202). 

The  first  two  initiatives  apply  to  manufacturers  of  solvents  or  solvent  products.  The  last  five 
initiatives  affect  users  of  solvents  and  solvent  products.  The  inventory  used  in  this  study  is  based 
on  the  1985  OEI  (OMOE  1992b)  for  solvents  must  therefore  include  both  solvent  manufacturers 
and  solvent  users. 

Because  of  the  potential  overlap  of  records  pertaining  to  general  solvent  use,  solvent  use  in 
paints  and  coating,  printing  and  degreasing,  the  development  of  an  inventory  for  initiatives 
related  to  solvent  use  required  careful  attention  to  detail  in  order  to  avoid  double  counting. 
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To  determine  emissions  from  the  manufacture  of  solvents  the  stationary  point  source  database 
was  searched  for  records  containing: 

•  SCCs  descriptors  having  any  of  the  following  keywords: 

solvent 

benzene 

toluene 

xylene 

acetone 

alcohol 

varsol 

cyclohexane 

methylethylketone. 

SCCs  containing  the  keyword(s)  had  the  identifier  "SOLVENT'  attached.  All  records 
possessing  the  identifier  were  used  to  determine  aggregate  solvent  emissions.^ 

•  SIC  5971  -  solvents  and  chemicals  (this  search  rendered  a  null  set). 

Area  source  databases  pertaining  to  general  solvent  use  were  identified  as  the  following"*: 

SC  109  graphic  arts 

SC  110  commercial/consumer  solvent  use 

SC  1 1 1  cutback  asphalt 

SC  131  small  industrial  -  vegetation  oil 

SC  133  small  industrial  textile  fmish 

SC  138  oil  production. 

Dry  cleaning 

The  stationary  point  source  database  was  searched  for  records  having  the  SIC  number  9721  - 
dry  cleaners.  This  search  rendered  three  records  referring  to  boiler  use.  These  records  were 
captured  in  the  boiler  inventory,  and  are  not  applicable  to  initiatives  directed  at  dry  cleaners.  The 
stationary  points  source  database  was  also  searched  for  records  having  the  keyword  "perc"  in 
the  sec  description.  This  also  rendered  a  null  set.  It  was  therefore  concluded  that  all  emissions 
relating  to  dry-cleaning  are  contained  in  the  stationary  area  source  database. 

The  stationary  area  source  database  was  searched  for  sector  105  (dry  cleaning)  records. 


3  This  approach  was  used  to  identify  emissions  for  all  stationary  point  sources  (i.e.  drycleaning. 
degreasing,  etc.) 

4  as  defined  by  Air  Resources  Branch  (OMOE)  in  a  memo  December  15,  1992. 
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Paints  and  coatings 

Management  Plan  (CCME  1990d)  initiatives  to  reduce  emissions  from  paint  and  coatings 
include: 

•  product  reformulation  to  low  solvent  or  water  based  products  (VlOl) 
add-on  controls  (V307,  V612) 

•  modification  of  application  techniques. 

The  first  initiative  affects  emissions  from  the  manufacture  of  paints  and  coatings,  the  last  two 
affect  the  application  of  paints  and  coatings. 

Emissions  from  manufacture  were  captured  by  searching  the  stationary  point  soiu-ce  database  for 
records  having  SIC  375*  (the  paint  and  coatings  industry).* 

Emissions  from  application  of  paints  and  coatings  are  mainly  related  to  the  manufacture  of  cars, 
furniture,  household  appliances,  machinery  and  building  materials  (CCME  1990d).  To  capture 
point  source  emissions  from  these  soiu-ces,  the  point  source  data  base  was  searched  for  records 
containing  the  key  SCC  description  words  "paint",  "enamel",  "varnish"  and  "lacquer". 

It  is  assumed  that  all  other  emissions  associated  with  the  application  of  paints  and  coatings  has 
been  captured  in  the  area  source  databases  for  sectors  106  (architectural  coatings),  107  (autobody 
refinishing),  108  (small  industry  siuface  coating)  and  136  (small  industrial  paint  manufacture). 

Printing 

The  stationary  point  source  database  was  searched  for  records  having  any  of  the  following  SICs: 

•  3791  printing  (general) 

•  2791  printed  wrapping  paper  manufacturing 

•  2821  printers  dyes. 

To  captiu-e  changes  in  emissions  resulting  from  ink  reformulation,  the  stationary  point  source 
database  was  searched  for  records  having  the  keyword  "ink"  in  the  SCC  description. 

All  other  sources  of  emissions  resulting  from  printing  are  assumed  to  be  contained  within  the 
area  source  sector  109  (graphic  arts)  database. 


5  All  establishments  with  an  SIC  beginning  375. 

6  Records  referring  to  emissions  from  boiler  processes  were  omitted  to  avoid  double  counting. 
Records  having  SCCs  containing  the  keyword  "solvent"  were  omitted  to  avoid  double  counting. 
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Degreasing 

A  search  of  the  OEI  for  records  having  SCC  descriptions  with  the  keyword  "degreas"  in  them 
rendered  a  null  set.  Records  reflecting  (point  source)  degreasing  activities  are  likely  classified 
under  solvent  use  SCCs. 

All  other  emissions  from  degreasing  are  assumed  to  be  included  in  the  area  sector  104  (small 
industrial/commercial  degreasing)  database. 

Vapour  releases 

Management  Plan  (CCME  1990d)  initiatives  to  reduce  vapour  releases  include: 

reduction  in  gasoline  volatility  (V602) 

vapour  balancing  at  gasoline  storage  and  transfer  depots  (V603) 
vapoiu"  balancing  during  gasoline  delivery  to  services  stations  (V604) 
vapour  balancing  at  service  stations  (V605) 

retrofitting  tanks  storing  volatile  organic  liquids  in  the  petroleum  and  organic  chemical 
sectors  (V606,  V608) 
•  developing  inventories  of  fugitive  emissions  at  petroleum  refineries  and  chemical  plants 

(V607,  V609). 

Based  on  the  National  Management  Plan  initiatives,  the  inventory  for  this  initiative  category 
must  cover  emissions  from  the  storage  of  volatile  organic  liquids,  as  well  as  other  emissions 
from  refineries  (SIC  361)  and  organic  chemical  plants  (SIC  378),  buUc  and  marketing  terminals, 
storage  and  transfer  depots  (SIC  5111),  and  service  stations  (SIC  6331)  are  also  relevant.  The 
stationary  point  source  data  base  was  searched  for  these  SICs.^  To  ensure  that  all  emissions 
from  all  storage  tanks  were  covered,  the  database  was  searched  for  records  having  the  keywords 
"strg"  and  "tanks". 

Point  source  emissions  during  refuelling  may  also  be  apparent  in  records  for  aircraft  (SIC 
451 10),  railroads  (SIC  45310),  LDT  (SIC  45600),  HDT  (SIC  45601),  other  diesel  vehicles  (SIC 
45602),  cars  (SIC  45890)  and  motorcycles  (SIC  45891).  A  search  of  the  stationary  point  source 
database  for  these  SICs  rendered  a  null  set. 

All  remaining  emissions  are  assumed  to  be  covered  in  the  areas  source  databases:  sector  101 
refers  to  "Stage  1"  processes  covering  vapour  recovery  at  terminals,  bulk  plants  and  service 
stations;  sector  102  refers  to  "Stage  2"  processes  covering  vapour  emitted  during  the  filling  of 
motor  vehicles  at  service  stations;  sector  103  refers  to  vapour  released  during  transit,  loading  and 
unloading  at  terminals,  bulk  plants  and  service  stations. 


Records  referring  to  boilers  were  deleted  to  avoid  double  counting.  Emissions  from  process  heaters 
were  also  omitted — these  are  captured  under  initiatives  not  addressed  in  this  study. 
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2.4  J     Mobile  sources 

Base  year  emissions  for  mobile  sources  are  estimated  from  the  OEI  (OMOE  1992b)  area  sources 
database.  Appendix  F  presents  the  estimated  VOC  emissions  from  mobile  sources  in  Ontario  and 
the  SOC  in  1985. 
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The  potential  effectiveness  of  actions  to  reduce  emissions  is  assessed  in  comparison  to  a  Base 
Case  of  projected  emissions  from  1985  to  2005.  This  Base  Case  is  constructed  by  forecasting 
changes  in  emissions  in  each  source  category,  based  on  economic  forecasts,  from  the  OEI  initial 
emissions  in  1985  to  emissions  in  2005  in  five-year  intervals,  ignoring  the  effects  of  any 
initiatives  adopted  after  November,  1990  (the  publication  date  of  the  National  Management 
Plan). 


3.1     Natural  sources 

3.1.1      Nitrogen  oxides 

As  noted  in  section  2.1,  the  main  natural  sources  of  NO,  are  biomass  burning,  lightning  and  soil 
processes  (United  States  National  Research  Council  1991).  Emissions  from  these  sources  could 
be  subject  to  changes  during  the  period  from  1985  to  2005,  especially  as  a  consequence  of 
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anthropogenic  causes  such  as  global  chmate  change,  changes  in  vegetation  cover  and  wetland 
drainage.  The  implications  of  these  changes  for  nitrogen  oxide  emissions  requires  scientific 
investigation  that  is  beyond  the  scope  of  the  present  study.  As  discussed  in  section  2.1,  there  are 
still  substantial  discrepancies  even  in  estimates  of  present  emissions  of  nitrogen  oxides  from 
natural  sources  in  Ontario. 

3.1.2     Volatile  organic  compounds 

As  vegetation  is  the  main  natural  source  of  VOCs,  these  emissions  could  also  be  subject  to 
changes  from  anthropogenic  causes  such  as  global  climate  change  and  changes  in  vegetation 
cover.  These  anthropogenic  changes  might  have  substantial  effects  on  natural  VOC  emissions 
over  the  course  of  several  decades,  but  are  not  expected  to  have  such  effects  within  the  time 
horizon  of  the  forecast  for  this  study,  i.e.  until  2005.  If  so,  it  can  be  assumed  that  these 
emissions  will  remain  at  approximately  1985  levels  of  approximately  1.56  million  tonnes  per 
year  for  Ontario  and  84,301  tonnes  per  year  for  the  SOC. 

3.2    Forecasting  method  for  stationary  and  mobile  sources 

3.2.1     Forecasting  metiiods 

Forecasting  stationary  point  sources 

All  stationary  point  source  records  contain  an  SIC  indicating  the  industrial  category  for  the 
emission.  Forecasts  are  developed  based  upon: 

i)  expected  economic  growth  of  the  sector  pertaining  to  each  record 

ii)         the  effect  of  programs  in  place  which  may  affect  each  record 

Economic  growth  factors 

Several  economic  growth  projections  (growth  factors)  have  been  developed  for  Canadian 
industries.  Informetrica  (1992)  growth  factors  are  well  disaggregated  by  SIC  and  most  commonly 
used  in  emissions  forecasting.  An  overview  of  available  growth  projections  can  be  found  in 
Apogee  Research's  report  (1992).  Such  growth  factors  are  applicable  to  most  stationary  point 
source  records. 

> 
The  forecasts  of  emissions  for  records  pertaining  to  fuel  combustion  (boilers,  process  heaters) 
are  calculated  based  upon  projections  of  energy  demand  rather  than  industrial  growth.  Energy 
demand  projections  are  developed  aimually  by  the  National  Energy  Board  and  utilities  such  as 
Ontario  Hydro. 

The  technique  for  forecasting  based  on  economic  growth  is  simple.  For  records  not  pertaining 
to  fuel  combustion,  present  emissions  are  multiplied  by  the  appropriate  economic  growth  factor. 
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based  on  the  SIC  of  the  record.  For  records  pertaining  to  fuel  combustion,  present  emissions  are 
multiplied  by  the  appropriate  growth  factor  for  fuel  demand,  based  on  the  type  of  fuel  required'. 

Effect  of  programs 

Determining  the  effect  of  programs  in  place  prior  to  November,  1990  (e.g.  Countdown  Acid 
Rain)  is  often  difficult,  due  to  the  involvement  of  many  levels  of  government  and  uncertainty 
over  the  effectiveness  of  proposed  measures.  Implementation  dates  are  often  pushed  back  to 
allow  for  further  study  of  alternate  scenarios.  The  cumulative  effect  of  a  number  of  programs 
operating  on  the  same  sources  simultaneously  is  difficult  to  determine. 

Programs  affecting  conventional  air  pollutant  emissions  can  be  directed  at: 

i)  reducing  emissions  at  the  process  level 

ii)  reducing  emissions  at  the  industry  level 

iii)        reducing  energy  use. 

Generally,  only  broad-brush  estimations  of  the  (quantitative)  effectiveness  of  programs  can  be 
determined.  Once  they  are  determined,  emissions  reduction  arising  from  a  program  estimated  for 
a  single  source  can  be  applied  generally  to  all  soiu-ces  covered  by  the  program.  In  this  study  the 
effectiveness  of  such  programs  would  be  applied  to  each  record  in  the  OEI  based  on  the  SCC^ 
SIC'  and  fuel  use  data'"  available. 

Forecasting  stationary  area  sources 

Forecasts  for  stationary  area  sources  were  developed  and  based  on  the  appropriate  base  quantities 
for  each  area  sector,  as  defined  in  the  OEJ,  and  forecasted  economic  growth  rates  (Informetrica 
1992d;  CCME  1990d).  A  list  of  the  base  quantities  applicable  to  each  area  sector  can  be  found 
in  Appendix  E. 

Forecasting  mobile  area  sources 

Emissions  from  mobile  area  sources  were  forecast  using  MOBILE  4.1C  emission  factors 
(Environment  Canada  1991)  and  OMTO  (1988)  data  for  on-road  vehicles,  and  NEB  (1991) 
projections  for  other  mobile  sources. 


8  The  sec  descriptions  in  the  OEI  provide  information  on  tiie  production  process  causing  the 
emission. 

9  The  SIC  number  provides  information  on  tiie  industry. 

10  The  OEI  includes  data  on  fuel  use  for  each  record,  however  these  data  are  confidential,  and  require 
special  access. 
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3J,J.     Limitations  to  forecasting  in  this  study 

The  economic  growth  projections  (e.g.,  Informetrica  1992)  for  individual  SICs  were  not  available 
when  forecasting  OEI  1985  emissions  for  all  sources.  In  the  absence  of  such  economic  growth 
factors,  stationary  point  source  emission  forecasts  have  been  developed  using  the  growth  factors 
available  to  the  consultants.  Most  of  these  were  derivedfrom  the  baseline  growth  factors  used 
in  the  CCME  Management  Plan  (CC!ME  1990d),  however  in  many  cases  the  sources  of  these 
growth  factors  are  not  known,  and  therefore  can  not  be  validated.  Table  5  provides  a  summary 
of  the  growth  factors  used  in  this  study,  and  indicates  other  growth  factors  that  could  be  used. 
The  methods  used  for  NO,  and  VOC  emissions  forecasts  and  summaries  from  1985  to  2005  are 
presented  in  Appendix  C. 

3.3     Stationary  sources 

33.1  Industrial  boilers 

For  non-utility  boilers  and  process  heaters  growth  factors  correspond  with  those  provided  for  fuel 
combustion  in  the  CCME  Management  Plan  (CCME  1990d).  The  source  for  these  growth  factors 
is  assumed  to  be  the  National  Energy  Board,  however  this  has  not  been  confirmed. 

Utility  forecasts  were  based  on  projected  emission  levels  under  the  Countdown  Acid  Rain 
Program  of  40  kt  for  1990  onward.  This  level  is  consistent  with  projections  of  utility  emissions 
in  other  forecasts  provided  to  the  Ministry  (VHB  1992). 

33.2  General  solvent  use 

Growth  factors  for  solvent  use  were  also  derived  from  the  CCME  Management  Plan  (CCME 
1990d).  Growth  factors  for  NO,  emissions  were  assumed  to  fall  under  the  "other  processes" 
category  (Greenwood  1991).  The  Management  Plan  provides  a  specific  growth  factor  for  VOCs 
solvent  use,  however  the  source  of  this  factor,  and  the  assumptions  implicit  are  yet  to  be 
determined. 

333     Dry  cleaning 

The  OEI  does  not  contain  any  records  of  stationary  point  source  emissions,  and  as  a  result 
growth  factors  for  this  sector  are  not  required. 

33.4     Paints  and  coatings 

Growth  factors  for  the  paints  and  coating  sector  were  also  derived  from  the  CCME  Management 
Plan  (CCME  1990d).  Growth  factors  for  NO,  emissions  were  assumed  to  fall  under  the  "other 
processes"  category  (Greenwood  1991). 
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Table  5       Summary  of  sources  of  growth  factors 


1 

Source             Sector 

Forecast  unit 

Source 

Preferred  method 

Stationary        Industrial  boilers 

SP;  not  known 

SP;  CCME  I990d 
(base  case  forecasts — 
Appendix  A) 

SP;  growth  factors 
by  SIC 

Ontario  Hydro 

based  on  Countdown  Acid 
Rain  projections 

VHB  1992 

Solvent  use 

SP:  not  known 
SA;  population 

SP;  CCME  1990d 
SA;  OMTE  1992 

SP:  growth  factors 
by  SIC 

SA:  grovrth  factors 
by  SIC  for  SC  131, 
133.  138 

Degreasing 

SA;  population 

SA:  OMTE  1992 

Dry  cleaning 

SA;  population 

SA;  OMTE  1992 

Paints  and 
coatings 

SA;  population 

SA:  OMTE  1992 

SP;  growth  factors 
by  SIC 

SA;  growth  factors 
by  for  SC  136 

Printing 

SP;  not  known 
SA;  population 

SP:  Greenwood  1991 
SA:  OMTE  1992 

SP;  growth  factors 
by  SIC 

Fuel  vapours 

SP;  not  known 
SA;  gasoline 

SP:  CCME  1990d 
SA;  Statistics  Canada 
1986.  1991;  NEB  1991 

SP:  growth  factors 
by  SIC 

Other 

Ontario  Hydro  1992 

Mobile            On-road  mobile 

Change  in  VKT;  change  in 
total  annual  emissions 

OMTO  1988; 
Environment  C^ada 
1991  (MOBILE  4.1C) 

Air.  rail  and 
marine 

Change  in  final  energy  demand 

1990;  Statistics  Canada 
1986,  1991.  1995- 
2005:  NEB  1991. 

Off-road  vehicles 

Change  in  final  energy 
demaiid:  change  in  emissions 

1990;  Statistics  Canada 
1986.  1991.  1995- 
2005;  CCME  1990d 

Other 

Population 

OMTE  1992 

Sources;  CCME  1990d;  VHB  1992 
Hydro  1992;  OMTO  1988 

;  OMTE  1992;  Greenwood  1991;  Statistics  Canada  1986.  199 
;  Environment  Canada  1991  (Mobile  4.1C). 

;NEB  1991;  Ontario 

Ncrres; 


SP  -  Stationary  print  sources. 
SA  -  Stationary  area  sources. 
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The  Management  Plan  (CCME  1990d)  provides  a  growth  factor  for  VOCs  emissions  from  paints 
and  coatings,  which  was  used  in  the  development  of  the  base  case  forecast  for  this  sector. 

33.5     Printing 

Growth  factors  for  the  printing  sector  were  also  derived  from  the  CCME  Management  Plan 
(CCME  1990d).  Growth  factors  for  NO,  emissions  were  assumed  to  fall  under  the  "other 
processes"  category  (Greenwood  1991). 

The  Management  Plan  (CCME  1990d)  provides  a  growth  factor  for  VOCs  emissions  from  paints 
and  coatings,  which  was  used  in  the  development  of  the  base  case  forecast  for  the  printing  sector 
as  well. 

3J.6     Degreasing 

The  OEI  does  not  contain  any  significant  records  of  stationary  point  source  emissions  from 
degreasing,  and  as  a  result  growth  factors  for  this  sector  are  not  required. 

3J.7     Vapour  releases 

NO,  and  VOCs  growth  factors  for  vapour  releases  were  also  derived  from  the  "other  processes" 
categories  in  the  CCME  Management  Plan  (CCME  1990d). 

3.4    Mobile  sources 

Emissions  of  NO,  and  VOC  are  estimated  for  the  years  1990,  1995,  2000  and  2005  based  on 
the  1985  OEI  inventory  (OMOE  1992b).  The  assumptions  and  method  used  to  forecast  mobile 
source  emissions  are  described  in  Section  3.2. 

3.4.1      On-road  vehicles 

The  forecast  of  on-road  vehicle  emissions  are  estimated  based  on  the  total  vehicle  kilometres 
travelled  (VKT),  age  distribution  and  annual  fleet  size  estimated  by  the  Ontario  Ministry  of 
Transportation  (OMTO  1988)  and  MOBILE  4.1C  (Environment  Canada  1991)  estimates  of  NO, 
and  VOC  emissions  factors  by  vehicle  type  and  year  in  Ontario". 


MOBILE  4.1C  is  a  database  and  model,  maintained  by  Environment  Canada  (1991),  that  provides 
forecasts  of  average  emission  factors  for  the  main  classes  of  on-road  vehicles.  It  is  based  on 
MOBILE  4.1.  developed  by  the  USEPA. 
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Methodology 

OMTO  (1988)  forecasts  of  VKT  by  vehicle  type  and  Environment  Canada's  (1991)  MOBILE 
4:lC  estimates  of  emissions  factors  in  Ontario  were  chosen  to  forecast  emissions  from  on-road 
vehicles.  The  OMTO  forecast  estimates  fleet  size,  distribution  and  VKT  of  on-road  vehicles  in 
Ontario.  MOBILE  4.1C  emission  factors  for  NO,  and  VOCs  (g/kilometre  or  g/mile)  were  applied 
to  OMTO  forecasts  of  VKT  to  estimate  total  on-road  motor  vehicle  emissions.  The  annual 
change  in  these  emissions  was  calculated  and  applied  to  the  OEI 1985  base  year  emissions  data. 

Appendix  C  provides  a  detailed  explanation  and  examples  of  the  forecasting  methodology. 

Assumptions 

The  OMTO  forecast  is  based  on  actual  data  prior  to  1988.  The  major  assumptions  of  the  OMTO 
(1988)  forecast  of  VKT  are  as  follows: 

•  vehicle  kilometres  travelled  by  age  of  vehicle  do  not  change  over  the  time  period;  and 

•  age  distribution  of  vehicles  does  not  change  over  time. 

The  forecast  of  VKT  is  based  on  the  change  in  the  size  and  age  distribution  of  the  annual 
vehicle  fleet. 

Ontario  government  measures  affecting  energy  demand  and  transportation  use,  including  fuel 
efficiency  taxes,  fuel  taxes  and  Lets  Move  2000,  are  not  expected  to  change  the  projected  base 
case  emissions  forecast.  NO,  and  VOC  emissions  from  on-road  mobile  sources  are  based  on 
VKT  (as  well  as  season,  fuel  volubility,  vehicle  speed  and  age).  The  fuel  efficiency  of  an  on- 
road  vehicle  does  not  affect  the  rate  of  emissions  of  NO,  and  VOCs  (Kirshenblatt  1992). 
Measures  directly  affecting  vehicle  demand  (VKT)  may  decrease  emissions.  The  actual  change 
in  vehicle  demand  is  dependent  on  the  magnitude  of  the  shift  and  how  the  shift  effects  the 
factors  determining  emissions.  Current  measures  proposed  for  Ontario  are  not  expected  to  affect 
NO,  and  VOC  emissions  in  Ontario  or  the  SOC. 

MOBILE  4.1C  also  provides  estimates  of  VKT  and  annual  fleet  size.  The  OMTO  estimates  were 
chosen  for  the  following  reasons: 

•  MOBILE  4.1C  fleet  size  and  annual  vehicle  VKT  were  not  provided  for  the  years  1985 
to  1989  for  all  vehicle  types; 

•  OMTO  has  access  to  better  data  regarding  fleet  size  than  Environment  Canada;  and 

•  OMTO  total  VKT  are  estimated  explicitly  accounting  for  the  age  distribution  of  the 
annual  vehicle  fleet. 
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Environment  Canada  (1991)  emissions  factors  for  NO,  and  VOCs  calculated  on  a  g/mile  are 
based  on: 

vehicle  speed; 

age  of  vehicle; 

type  and  composition  (volatility)  of  fuel; 

type  of  vehicle;  and 

time  of  year  (climate). 

The  emission  factors  used  from  MOBILE  4.1C  are  weighted  averages  based  on  seasonal  and 
urban/highway  average  emissions  per  mile  travelled.'^ 

MOBILE  4.1C  emissions  factors  include: 

•  tail  pipe; 

•  evaporation  prior  to  combustion  (i.e.  leakages);  and 

•  fugitive  emissions   during  fueling   (Personal  coimnunication,   Morrie   Kirshenblatt, 
Environment  Canada,  1992). 

Fugitive  emissions  during  fueling  are  estimated  separately  in  the  OEI  (area  sources  SC  101  to 
SC  103  -  gasoline  evaporation).  Mobile  area  source  emissions  included  in  SC  001  to  SC  013 
include  only  tail  pipe  and  evaporative  emissions. 

The  same  assumptions  were  used  to  forecast  both  Ontario  and  SOC  emissions. 

Forecast 

Appendix  F  presents  a  summary  of  base  case  and  predicted  emissions  of  on-road  vehicles  for 
Ontario  and  the  SOC. 

3AJ1     Air,  rail  and  marine  activity 

Forecasts  of  emissions  from  air,  rail  and  marine  activity  are  determined  from  final  energy 
demand  for  Ontario  (Statistics  Canada  1986,  1991)  and  the  National  Energy  Board's  (NEB  1991) 
forecast  of  final  energy  demand  for  air,  rail  and  marine  transportation.  The  use  of  final  energy 
demand  is  consistent  with  the  1985  base  unit  used  in  the  OEI. 


12      MOBILE  4.1C  presents  all  emission  factors  in  grams  per  mile. 
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Methodology 

NO,  and  VOC  emissions  for  the  year  1990  are  estimated  by  calculating  the  change  in  final 
energy  demand  of  air,  rail  and  marine  mobile  source  activity  between  1985  and  1990  (Statistics 
Canada  1986;  1991).  The  following  final  energy  demand  data  for  Ontario  are  included:    , 

•  railways  (diesel); 

•  Canadian  and  foreign  airlines  (aviation  turbo  and  gasoline);  and 

•  Canadian  and  foreign  marine  (diesel  and  heavy  fiiel  oil). 

Emissions  in  1990  are  estimated  based  on  the  growth  in  final  energy  demand  between  1985  and 
1990. 

The  forecast  change  in  emissions  from  air  lines  for  the  years  1995,  2000  and  2005  are  based 
on  the  NEB  (1991)  forecast  of  final  energy  demand  for  aviation  turbo  and  gasoline  fuel  in 
Ontario  applied  to  the  1990  emission  estimates. 

The  forecast  change  in  emissions  from  rail  and  marine  sources  for  the  years  1995,  2000  and 
2(X)5  are  based  on  the  NEB  (1991)  national  forecast  of  the  annual  change  in  final  energy 
demand  for  rail  and  marine  transportation  applied  to  the  1990  emission  estimates. 

The  same  assumptions  were  used  to  forecast  both  Ontario  and  SOC  emissions.  Appendix  C 
provides  a  detailed  explanation  and  an  example  of  the  forecasting  methodology. 

Forecast 

Appendix  F  presents  a  summary  of  base  case  and  predicted  emissions  of  air,  rail  and  marine 
activities  for  Ontario  and  the  SOC. 

3.43     Off-road  internal  combustion  mobile  sources 

Forecasts  of  emissions  from  off-road  internal  combustion  mobile  sources  (agriculture, 
construction  and  industry)  are  based  on  final  energy  demand  in  Ontario  (Statistics  Canada  1986, 
1991)  and  the  CCME  (1990)  forecast  of  the  change  in  NO,  emissions  of  off-road —  agriculture, 
construction  and  other — transportation  activity  in  Ontario.  The  use  of  final  energy  demand  to 
estimate  1990  emissions  is  consistent  with  the  1985  base  imit  used  in  the  OEI.  A  forecast  of 
final  energy  demand  was  not  available  for  the  years  1995  to  2005.  As  such,  CCME  (1990) 
forecast  data  was  used. 
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Methodology 

NO,  and  VOC  emissions  for  the  year  1990  are  estimated  by  calculating  the  change  in  final 
energy  demand  between  1985  and  1990  (Statistics  Canada  1986;  1991).  The  final  energy  demand 
data  includei 

•  other,  agriculttire  (gasoline  and  diesel); 

•  industrial,  construction  (diesel);  and 

•  total  industrial  (diesel). 

The  final  energy  demand  data  used  to  estimate  1990  emissions  include  both  off-road 
transportation  and  other  industrial  energy  use.  The  change  in  other  industry  mobile  final  energy 
demand  is  estimated  by  subtracting  construction  final  energy  demand  from  total  industry  final 
energy  demand.  Emissions  in  1990  are  estimated  based  on  the  change  in  final  energy  demand 
between  1985  and  1990  applied  to  the  base  year  estimate  of  emissions  provided  by  OEI. 

Agriculture  and  construction  emissions  for  the  years  1995,  2000  and  2(X)5  are  based  on  the 
change  in  transportation,  off-road,  agriculture  (diesel)  and  construction  (diesel)  NO,  emissions 
in  CCME  (1990).  Industry  emissions  are  based  on  the  estimated  change  in  transportation,  off- 
road,  other  (diesel)  in  Ontario  NO,  emissions  (CCME  1990). 

The  same  assumptions  were  used  to  forecast  both  Ontario  and  SOC  emissions. 

Forecast 

Appendix  F  presents  a  summary  of  base  case  and  predicted  emissions  of  off-road  internal 
combustion  mobile  sources  for  Ontario  and  the  SOC. 

3.4.4     Other  internal  combustion  mobile  sources 

Other  internal  combustion  mobile  sources  include:  marine  pleasure  craft,  lawnmowers  and 
snowmobiles.  Forecast  emissions  from  these  sources  are  based  on  the  change  in  population 
between  1985  and  2005  (OMTE  1992).  It  is  assumed  that  the  change  in  population  reflects  the 
increase  in  use  of  these  sources  of  NO,  and  VOC  emissions. 

Methodology 

The  Ontario  Ministry  of  Treasury  and  Economics  (OMTE  1992)  calculates  population  in  Ontario 
by  county.  The  annual  change  in  population  was  used  to  estimate  the  change  in  emissions  from 
other  internal  combustion  sources  between  the  years  1985  to  2005. 
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The  forecast  change  in  population  (OMTE  1992)  for  the  SOC  between  1985  and  2005  was  used 
to  forecast  the  change  in  emissions  in  the  corridor. 

Assumptions 

It  is  assumed  that  the  use  of  other  internal  combustion  mobile  sources  of  emissions  is  a  function 
of  population. 

Forecast 

Appendix  F  presents  summaries  of  base  case  and  predicted  emissions  of  other  internal 
combustion  mobile  sources  for  Ontario  and  the  SOC. 


3.5    Existing  programs  affecting  base  case  forecasts 

Over  the  past  20  years,  there  has  been  an  accelerating  proliferation  of  new  federal  and  Ontario 
government  programs  that  affect  emissions,  both  directly  or  via  improved  energy  efficiency.  In 
order  to  provide  a  precise  starting  point  for  the  base  case  forecasts  with  respect  to  these 
programs,  it  was  decided,  in  consultation  with  OMEE  staff,  to  select  a  cut-off  date  of  November 
1990,  which  was  the  date  of  publication  of  the  CCME  Plan  (CCME  1990d). 

The  pre- 1990  emissions  control  and  fuel  efficiency  programs  for  mobile  sources  are  reflected 
in  the  emission  factor  forecasts  from  MOBILE  4.1C.  The  pre-1990  program  that  has  the  greatest 
effect  on  stationary  source  emissions  is  the  Countdown  Acid  Rain  program,  under  which  Ontario 
Hydro  has  committed  to  reduce  its  emissions  of  NO,;  this  is  reflected  in  the  NO,  emissions 
forecasts  for  Ontario  Hydro  (Table  7  and  Table  8). 

Apart  from  the  above,  the  only  other  programs  or  commitments  that  are  considered  to  affect 
emissions  are  Ontario  energy  efficiency  programs.  Estimates  of  annual  emissions  reductions  (in 
the  year  2000)  from  these  programs  are  distinguished  in  Table  6  according  to  whether  they  are 
from  "pre-1990"  programs  or  "post- 1990"  programs.  Of  these,  the  "pre-1990"  programs  have 
a  negligible  effect  of  less  than  1  kt/a  emissions  for  each  of  NO,  and  VOC,  which  is  of  the  order 
of  0.1%  of  total  emissions.   These  negligible  effects  were  not  included  in  the  forecasts. 

Other  programs  that  might  affect  emissions,  but  which  were  not  considered  in  the  forecasts, 
because  of  uncertainty  about  effects,  include  (R.  Chute,  OMEE,  personal  communication  1993): 

•  Ontario  Hydro's  conservation  program; 

•  landfill  gas  recovery; 

•  plumbing  code  improvements. 
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Table  6       Programs  affecting 

fossil  fuel  end- 

use  energy  and  emissions 

1 

Direct  emissions  reductions  (t/a) 

Sector/initiative/fuel  saved 

Petajoules  saved 

NO. 

VOC 

Pre 

Post 

Pre             Post 

Pre              Post 

Residential 

•  Ontario  BuUding  Code  (1991) 

-  Nanual  gas 

-  Heating  oil 

5.7 
0.2 

239.0 
12.0 

12.5 
0.4 

•  Energy  Efficiency  Act  (furnaces  and 
water  heaters) 

-  Natural  gas 

0.3 

12.6 

0.7 

•  New  MENY  Programs 
-  Natural  gas 

0.4 

16.8 

0.9 

COMMERCIAL/lNSTlTUTiONAL 

•  Government  Buildings 

-  Natural  gas 

-  Heating  oil 

0.5 
0.1 

21.0 
4.3 

1.1 
0.1 

Industry 

•  New  MENY  Programs 
-  Natural  gas 
-HFO 

8.7 
1.7 

513.3 
272.0 

10.4 
4.9 

Transportation 

•  Govemnoent  Fleet 

-  Gasoline 

-  Diesel 

0.4 
0.03 

86.0 
16.1 

122.8 
2.7    • 

•  Fuel  Taxes  (1991-92  increase) 

-  Gasoline 

-  Diesel 

8.8 
1.5 

1,892.0 
807.0 

2.701.2 
133.2 

•  Tax  for  Fuel  Conservation 
-  Gasoline 

6.4 

1.376.0 

1.964.5 

•  ATF's  (New  MENY  Programs) 
-  Gasoline 

0.4 

86.0 

122.8 

•  "Let's  Move" 

-  Gasoline 

2.8 

602.0 

860.0 

Totals 

3.3 

10.5 

639.2         2,565.6 

863.7          2.226.5 

Source:    R.  Chute,  OMEE,  personal  communication  1993 
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3.6     Summary  of  emissions  ' 

3.6.1  Base  case  projected  emissions  of  NO, 

The  following  tables  show  the  forecast  NO,  emissions  for  the  SOC  and  Ontario  as  a  whole. 
Overall,  they  show  remarkably  similar  patterns,  with  the  SOC  accounting  for  roughly  85%  of 
Ontario  emissions  throughout  the  forecast  period.  This  might  have  been  expected,  because  there 
is  projected  to  be  little  change  in  the  relative  distribution  of  population  and  economic  activity 
between  the  SOC  and  Ontario  as  a  whole  throughout  this  period. 

This  Base  Case  shows  an  initial  decline  in  NO,  emissions  from  1985  to  1990,  a  slight  increase 
from  1990  to  1995,  and  more  rapid  increases  from  1995  to  2000  and  2000  to  2005.  The  initial 
decline  is  due  to  reductions  in  emissions  as  new  automobiles  and  trucks,  which  meet  more 
stringent  emission  standards,  enter  the  fleet,  and  as  Ontario  Hydro  reduces  its  emissions  of  NO, 
under  the  Coimtdown  Acid  Rain  program.  After  1990,  emissions  from  Ontario  Hydro  remain 
constant.  After  about  2000,  when  most  operating  automobiles  and  trucks  will  meet  the  new 
standards,  emissions  from  automobiles  and  trucks  begin  to  increase  again  with  forecasted  growth 
of  the  fleet. 

As  previously  indicated,  the  "other"  or  "residual"  stationary  emissions,  that  are  not  being 
examined  with  regard  to  control  options  in  this  study,  are  assumed  to  grow  at  the  same  rate  as 
the  Ontario  economy,  as  forecast  by  Ontario  Hydro  (1992).  Under  this  assumption,  these 
emissions  grow  by  over  80%  during  the  forecast  period,  and  their  share  of  total  emissions 
increase  from  under  25%  to  almost  40%.  It  might  be  argued  that  growth  in  these  emissions  is 
likely  to  be  less  than  growth  of  the  economy,  and  that  economic  growth  is  Ukely  to  be  less  than 
that  forecast  by  Ontario  Hydro.  Nevertheless,  it  still  appears  likely  that  this  category's  share  of 
total  emissions  will  grow.  If  so,  the  focus  of  attention  for  controlling  emissions  may  need  to 
expand  to  include  these  other  sources  that  have  received  less  consideration  hitherto  with  regard 
to  control  options. 

3.6.2  Base  case  projected  emissions  of  VOC 

As  with  the  NO,  forecasts,  the  VOC  results  show  a  remarkably  similar  pattern  between  the  SOC 
and  the  whole  of  Ontario,  with  the  SOC  again  accounting  for  approximately  85%  of 
anthropogenic  emissions. 

Unlike  the  NO,  forecasts,  the  VOC  forecasts  show  a  gradual  increase  from  1985  to  1995,  and 
a  more  rapid  increase  from  1995  to  2005.  This  pattern  is  again  a  consequence  of  the  new 
emission  standards  for  automobiles  and  trucks,  which  cause  VOC  emissions  from  this  source  to 
decline  during  most  of  the  period  1985-2000,  and  then  begin  to  rise  again.  Emissions  from  all 
the  other  sources  increase  throughout  the  forecast  period,  albeit  at  somewhat  different  rates. 

The  Ontario  Emissions  Inventory  for  1985  indicates  NO,  emissions  somewhat  lower,  but 
anthropogenic  VOC  emissions  higher,  than  shown  in  the  CCME  Plan.  These  differences  are 
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mainly  in  the  stationary  sources.  For  VOCs,  in  particular,  the  OEI  shows  higher  emissions  from 
solvent  use,  surface  coatings  and  fuel  vapour;  however,  degreasing  accounts  for  less  than  0.1% 
of  VOC  emissions,  an  order  of  magnitude  less  than  fraction  of  emissions  suggested  in  the 
CCME  Plan. 

Our  emissions  forecasts  have  more  rapid  underlying  growth  trends  than  the  forecasts  in  the 
CCME  Plan.  This  is  likely  because  we  assume  that  the  "other"  or  "residual"  anthropogenic 
stationary  emissions,  that  are  not  being  examined  with  regard  to  control  options  in  this  study, 
will  grow  at  the  same  rate  as  the  Ontario  economy,  as  forecast  by  Ontario  Hydro  (1992).  It  is 
likely  that  the  CCME  forecasts  are  lower  because  they  are  based  on  growth  factors  for  emissions 
that  are  less  than  the  growth  rate  of  the  economy  as  a  whole  (because  of  structural  changes  in 
the  economy).  It  is  also  possible  that  the  CCME  emissions  forecasts  are  based  on  economic 
growth  forecasts  that  indicate  lower  rates  of  overall  economic  growth  than  those  forecast  by 
Ontario  Hydro. 
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4. 

Emissions  abatement 

actions  and  costs  for 

stationary  sources 


4.1  Review  of  actions  and  cost  information  for  stationary 
sources 

For  virtually  all  of  the  examined  stationary  sources  there  is  a  broad  range  of  potential  control 
options  within  the  categories  of  process  modification  (or  change),  behavioural  (or  administrative) 
and  add-on  control.  However,  the  derivation  of  specific  cost  information  that  can  be  used  to 
estimate  abatement  cost  functions  is  constrained  by  a  number  of  factors: 

•  Many  control  actions  are  compatible  with  the  source  or  source  type  (e.g.  are  all 
theoretically  possible)  but  have  not  been  examined  in  detail  or  demonstrated  to  be 
technically  feasible. 

•  In  many  cases  where  control  actions  are  technically  feasible,  cost  information  is  either 
unavailable  or  considered  to  be  proprietary  (e.g.  reformulation  of  consumer  products). 

•  In  some  cases  where  control  actions  and  associated  cost  information  are  available,  it  is 
not  possible  to  disaggregate  the  OEI  database  into  the  relevant  source(s). 

The  relatively  intense  interest  in  VOC  emissions  and  the  socio-economic  impact  of 
enviroimiental  issues  has  lead  to  increases  in  the  amount  and  quality  of  information  on  cost  and 
feasibility  over  the  past  several  years.  However,  much  of  the  available  information  is  too  source- 
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specific,  and  is  constrained  in  its  broad  and  generic  application  in  other  planning  and  analytical 
uses. 

The  preferred  sources  for  this  study  were  ranked  according  to  their  applicability  to  the  Ontario 
situation  and  the  recency  of  the  information.  The  ranking  of  the  information  sources  for  this 
study  is  as  follows: 

•  Previous  related  Ontario  OMOE  studies  and  databases 

•  Environment  Canada/CCME  studies  or  data  bases 

•  USEPA  control/economics  and  cost  effectiveness  studies 

•  California    Air    Resources    Board    and    California    Regional    Air    Quality    Board 
control/economics  studies,  and 

•  Association,  industry  and  supplier  contacts. 

Although  it  has  accumulated  extensive  data  on  NO,  actions  and  costs,  the  OMOE  has  acquired 
very  few  cost  data  on  VOC  alternatives. 

Environment  Canada  and  CCME  have  developed  a  considerable  body  of  technical  and  cost 
information,  primarily  through  the  CCME  Task  Forces.  Some  of  this  information  is  publicly 
available,  but  very  little  of  the  basis  (e.g.  details  of  the  model  plant  used  to  develop  costs)  for 
the  derivation  of  these  costs  is  public. 

As  shown  in  detail  in  the  following  subsections,  the  largest  action/cost  database  has  been 
developed  by  USEPA  through  a  series  of  contracts  to  construct  a  cost-effectiveness  model  for 
State  use  in  designing  VOC  reduction  plans  (the  state  Emission  Reduction  and  Cost  Analysis 
Model  for  Volatile  Organic  Compounds  or  ERCAM-VOC  by  Pechan  &  Associates).  In  many 
cases,  ERCAM-VOC  contains  cost  data  for  both  point  sources  (exponential  functions  based  on 
VOC  emissions)  and  area  sources  (cost  per  ton  controlled).  However  in  most  cases,  ERCAM- 
VOC  fails  to  describe  the  control  options  with  precise  technical  specifications. 

The  California  State  and  regional  air  quality  boards  (CARB)  have  also  developed  a  significant 
cost  database,  but  much  of  this  information  is  very  specific  to  the  California  situation  (e.g. 
changes  to  their  current  rules,  state  wide  reformulation  of  products)  and  is  therefore  of  limited 
use  in  this  study. 

Industry  contacts  were  helpful  in  identifying  other  data  sources,  but  not  in  terms  of  directly 
obtaining  relevant  generic  information. 

The  following  subsections  summarize  the  information  on  specific  actions  and  costs  for  stationary 
sources.  The  database  obtained  is  summarized  in  Table  1 1 .  A  detailed  description  of  the  cost 
methodology  is  presented  in  Appendix  H. 

Table  1 1  shows  the  specific  VOC  reduction  source  categories  and  the  source  sectors  selected 
from  the  emission  inventories.  Potential  control  actions  within  the  three  major  categories 
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(Process  Modification,  Behavioural  and  Add-on  Control)  are  broken  down  into  subcategories 
relevant  to  the  feasibility,  emissions  reduction  potential  and  cost  data  identified.  Information  was 
obtained  from  a  summary  of  the  literature  and  are  identified  for  each  section  in  Appendix  K. 
Information  collected  for  each  action  was  used  to  estimate  emissions  reduction  potential,  capital, 
operating  and  $/t  of  emissions  reduced  costs  used  for  strategy  options  development.  Specific 
actions  are  identified  in  terms  of  the  applicability  to  at  least  part  of  a  source  sector  (e.g.  low 
solvent  substitutions  have  been  demonstrated  for  at  least  some  textile  processes,  so  the  "textile/lo 
sol"  code  shows  "demo").  A  summary  sheet  for  each  specific  action  is  included  in  Appendix  K. 

4.2    Emissions  abatement  actions  for  selected  sources 

4^.1     Solvent  use 

The  general  solvent  use  category  includes  six  area  sources  in  the  OEI  including 
commercial/consumer  solvent  use  and  five  industrial  classifications: 

•  SCllO  Commercial/consumer  solvent  use 

•  SC  11 1  Cutback  asphalt 

•  SC  131  Small  industry  -  vegetation  oil 

•  SC  133  Small  industry  -  textile  finish 

•  SC  138  Oil  production 


In  general  terms,  the  industrial  and  commercial  sources  have  a  much  broader  range  of  potential 
control  actions  than  consumers,  since  these  sources  should  be  able  to  incorporate  vapour  capture, 
recover}'  and  add-on  controls  which  would  not  be  feasible  for  consumers.  However, 
commercial/consumer  solvent  use  (SC  110)  is  the  largest  source  of  VOC  emissions  in  the 
general  solvent  use  category  in  the  OEI.  The  commercial  component  of  SCI  10  is  not 
disaggregated  from  the  whole  area  source  in  the  version  of  the  OEI  provided  to  us  for  this  study 
(S.  Wong,  OMOE,  personal  communication  1993),  so  it  is  not  possible  to  consider  the  effects 
of  control  actions  on  only  the  commercial  component. 

The  actions  for  consumer  products  include  product  reformulation/  substitution  to  result  in  lower 
levels  of  solvents  and/or  lower  volatility  (or  vapour  pressure)  of  products.  In  addition, 
behavioural  modifications  particularly  in  handling,  are  viable  for  consumer  products.  Efficiency 
and  cost  data  in  the  ERCAM-VOC  database  is  limited  specifically  to  an  undefined  underarm 
product  control,  and  an  unspecified  default  reduction  based  on  product 
use/reformulation/substitution. 
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The  ERCAM-VOC  model  database  also  includes  substitution  of  cutback  asphalt  by  water-based 
emulsified  asphalt. 

To  facilitate  the  discussion  of  control  actions,  we  identify  each  action  or  group  of  actions  by  an 
action  code  composed  of  the  emissions  source  category  and  the  number  of  the  action  for  that 
source  class  (e.g.  Solvent  1,  Solvent2,  etc.).  These  actions  are  explained  briefly  under  their  action 
codes  in  the  following  sections  of  this  chapter  (for  stationary  sources)  and  the  next  chapter  (for 
mobile  sources),  and  are  specified  in  more  detail  (in  alphabetical  order)  in  the  Action  Summary 
Information  Sheets  in  Appendix  K. 

Substitution 

SoKentl 

Solvent  1  is  a  group  of  actions  required  by  a  proposed  California  regulation  designed  to  lower 
VOC  limits  through  product  substitution/modification  in  12  consumer  products  from  five 
consumer  product  categories  (household  care,  automotive  care,  personal  care,  pesticides  and 
disiirfectants,  and  adhesives)  (CARB  1991a&b).  The  California  Air  Resources  Board  has 
proposed  to  regulate  these  twelve  additional  consumer  products,  bringing  to  twenty-eight  the 
number  of  consumer  products  tmder  the  regulation  to  reduce  volatile  organic  compound 
emissions  from  consumer  products.  The  costs  provided  include  a  low  cost  scenario,  in  which  the 
product  need  only  be  slightly  modified  and  not  reformulated,  and  a  high  cost  scenario  involving 
product  reformulation,  for  each  of  the  five  consumer  product  categories.  For  the  purposes  of  this 
report,  the  product  reformulation  control  action  was  assigned  the  average  of  the  low  and  high 
cost  scenarios  for  each  of  the  consumer  categories  amortized  over  10  years.  Due  to  the  inability 
to  disaggregate  the  commercial/consumer  solvent  use  area  source  sector  by  commercial  and 
consumer  use,  the  control  action  and  cost  was  applied  to  the  entire  area  source  sector  (SC  110). 
The  net  effect  of  this  action  is  an  estimated  30%  VOC  reduction  efficiency. 

Solvent2 

Regular  cutback  asphalt  contains  petroleum  products  which  emit  VOCs.  The  substitution  of 
emulsified  (water-based)  for  regular  cutback  asphalt  would  effectively  eliminate  VOC  emissions 
from  the  cutback  asphalt  area  source  sector  (SC  111)  at  no  net  cost  (Pechan  and  Associates 
1989,  1992). 

Maximum  technically  feasible  actions: 

Efficiency  and  cost  data  are  not  available  for  VOC  reductions  from  area  source  sectors  SC  1 3 1 
(oil)  or  SC  133  (textile).  The  actions  for  paint  manufacture  are  applicable  to  large  industrial 
users  of  paint  or  point  sources  rather  than  area  sources  and  are  considered  in  the  paints  and 
coatings  soiu^ce  category.  Therefore,  the  two  actions  considered  above  (Solventl  and  Solvent2) 
are  the  maximum  technically  feasible  actions  for  reducing  VOC  emissions  in  the  solvent  use 
source  category  and  apply  to  area  sources  only. 
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4.2.2     Paints  and  coatings 

Actions  to  reduce  VOCs  from  the  paints  and  coatings  source  category  may  potentially  affect 
three  point  source  and  four  area  source  sectors  in  the  OEI: 

Point  •     SIC  321  Aircraft  manufacturing 

•  SIC  323  Automobile  manufacturing 

•  SIC  375  Paints  and  coatings  industry 

Area  •  SC  106  Architectmal  coatings 

•  SC  107  Autobody  refinishing 

•  SC  108  Small  industry  surface  coating 

•  SC  136  Small  industrial  paint  manufacture 

Two  sources,  SIC  375  and  SC  136,  are  paints  and  coatings  manufacturers;  the  remaining  five 
are  surface  coating  applications. 

Data  on  architectural  coatings  reformulation  from  ERCAM-VOC  indicates  zero  capital  and 
operating  costs  for  reductions  up  to  65%.  Additional  data  from  CARE  and  Bay  Area  support  the 
feasibility  of  reformulation  but  show  a  broad  range  of  costs.  Actions  other  than  product 
reformulation  are  generally  not  feasible  for  architectural  coatings  because  of  their  application  on 
broad,  uncontained,  outdoor  and  indoor  surfaces. 

ERCAM-VOC  includes  data  for  new  aircraft,  auto  refinishing  and  other  industry.  Partial  and 
supplemental  data  are  available  from  Bay  Area  and  South  Coast  Air  Quality  Management 
District  documents. 

Add-on  control 

Paintsl-3 

Incinerators  and  afterburners  are  add-on  control  devices  which  combust  VOC  emissions  and  can 
be  applied  in  the  paints  and  coatings  manufacturing  industry  (SIC  375),  the  new  automobile 
manufacturing  industry  (SIC  323)  and  small  industry  surface  coating  (SC  108).  The  net  effect 
is  a  reduction  in  VOCs  emissions  of  35%,  88%  and  90%  from  these  sources  respectively 
(Pechan  and  Associates  1992).  An  unquantified  cost  of  these  actions  is  the  secondary  emissions 
of  oxides  of  nitrogen  and  carbon  that  incinerator-type  control  devices  release. 

Process  modification 

Paints4 

Employing  high  solid  (low  solvent)  surface  coatings  by  modifying  painting  operations  in  new 
automobile  surface  coating  operations  in  the  automobile  manufacturing  industrial  sector  (SIC 
323)  effectively  reduces  VOC  emissions  from  these  sources  by  79%  (Pechan  and  Associates 
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1992).  Unquantified  costs  of  this  action  include  difficulty  in  achieving  optimum  properties  and 
a  health  hazard  associated  with  urethane  based  systems  (CCME  1990a). 

PaintsS 

High-volume,  low-pressure  (HVLP)  and  electrostatic  spray  equipment  and  detailing  guns 
improve  spray  transfer  efficiencies,  and  reduce  paint  use  and  solvent  evaporation.  These 
techniques  can  be  used  in  the  new  automobile  surface  coating  industry  (SIC  323),  architectural 
coating  applications  (SC  106)  and  small  surface  coating  industries  (SC  108).  Electrostatic  spray 
equipment  is  suitable  only  for  spraying  high  volume  on  metallic  surfaces.  The  effect  of  adopting 
these  techniques  has  been  estimated  to  be  a  32.5%  reduction  in  VOC  emissions  from  these 
sources  (BAAQMD  1993).  Costs  quoted  in  the  action  summary  information  sheet  include  capital 
costs  and  annual  operating  and  indirect  costs,  including  two  fluid  tip  replacements  per  year. 

Substitution 

Paints6 

Substituting  waterbome  surface  coatings  for  solvent-based  surface  coatings  is  possible  in 
architectural  coating  applications  (SC  106)  with  a  net  VOC  reduction  of  65%  (Pechan  and 
Associates  1989,  1992). 

Combination 

Paints? 

This  action  involves  a  substitution  and  two  process  modifications  in  the  autobody  refinishing 
industry  (area  source  sector  SC  107).  Replacing  lacquers  with  enamels  (enamels  have  a  lower 
solvent  content  than  lacquers),  installing  cleanup  recovery  equipment  and  increasing  the  transfer 
efficiency  of  paint  spray  operations  would  have  a  net  effect  of  reducing  VOCs  emissions  by  50% 
(Pechan  and  Associates  1989). 

Maximum  technically  feasible  actions: 

The  maximum  technically  feasible  action  for  reducing  VOC  emissions  fi-om  all  industrial  paint 
applications  is  generally  an  add-on  control,  but  cost  and  efficiency  data  for  autobody  refinishing 
(SC  107)  and  small  industry  paint  manufactiu-e  (SC  136)  are  lacking.  Since  there  are  no  records 
in  the  aircraft  manufacturing  industry  (SIC  321)  in  the  OEI,  incineration  of  vapours  in  this 
industry  was  not  included  in  the  analysis.  For  the  paints  and  coatings  source  category,  this  yields 
the  maximum  technically  feasible  actions  shown  in  Table  12.  Emissions  from  these  sources 
could  be  reduced  further  by  the  use  of  paints  with  lower  VOC  content.  Many  manufacturers  are 
already  adopting  the  use  of  paints  with  lower  VOC  content.  Even  with  the  use  of  these  paints, 
however,  the  maximum  technically  feasible  actions  for  industrial  sources  would  still  include  add- 
on controls. 
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Table  12     Maximum  technically  feasible  actions  for  paints  and  coatings 


1 

Source  code 

Action  description 

Reduction 
efficiency 

Action 
number 

SIC  375  (paints  and 
coatings  industry) 

Incineration 

35% 

Paints  1 

SIC  323  (automobile 
manufacturing) 

Incineration  &  HVLP  spray 

92% 

Paints2&5 

SC  106  (architectural 
coatings) 

Replacing  solvent  based  coatings  with 
waterbome  &  HVLP  spray 

76% 

Paints5&6 

SC  107  (autobody 
refinishing) 

Replacing  lacquers  with  low  solvent  based 
enamels,  installing  cleanup  recovery 
equipment  and  improving  the  transfer 
efficiency  of  paint  applications 

50% 

Paints7 

SC  108  (small 
industry  surface 
coating) 

Incineration  &  HVLP  spray 

93% 

Paints3&5 

4.23     Printing 

Actions  to  reduce  emissions  from  printing  would  potentially  affect  three  point  source  sectors  and 
one  area  source  sector  in  the  OEI: 

•  SIC  3791  Printing  (general) 

•  SIC  2791  Printed  wrapping  paper  manufacturing 

•  SIC  2821  Printer  dyes 

•  SC  109  Graphic  arts 

Quantitative  information  on  actions  to  reduce  VOCs  from  printing  and  publishing  is  limited,  but 
ERCAM-VOC  includes  some  carbon  absorption  and  incineration/flaring. 

Add-on  control 

Printingl&2 

Carbon  adsorption  reduces  VOC  emissions  from  printing  industry  (SIC  3791)  point  sources 
(Printing  1 )  and  graphic  arts  (SC  109)  area  sources  (Printing2)  with  a  reduction  efficiency  of  85% 
(Pechan  and  Associates  1992).  Carbon  adsorption  captures  VOC  emissions  from  the  drying 
process  as  well  as  fugitive  emissions. 
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Maximum  technically  feasible  actions: 

The  two  add-on  control  technology  options  Printing  1  and  Printing!  are  the  maximum  technically 
feasible  options  for  reducing  VOC  emissions  from  printing  operations.  There  may  be  potential 
for  reducing  emissions  from  these  sources  further  by  the  use  of  inks  with  lower  VOC  content. 
Even  with  the  use  of  these  inks,  however,  the  maximum'  technically  feasible  actions  for  printing 
sources  would  still  include  add-on  controls. 

4^.4     Dry  cleaning 

Actions  to  reduce  VOCs  from  dry  cleaning  operations  affect  the  dry  cleaning  area  source  (SC 
105)  in  the  OEI. 

The  difficulties  of  estimating  the  effect  of  dry  cleaning  substimtion  is  compounded  by  the 
several  different  processes  and  uncertainty  about  their  effects  and  efficacy.  Quantitative  recovery 
information  is  included  in  ERCAM-VOC  and  some  other  actions  have  been  demonstrated. 

Process  modification 

Drydeanl 

In  petroleum  based  dry  cleaning  operations,  recovery  dryers  capture  VOCs  emitted  in  the  dryer 
by  condensation  with  an  efficiency  of  70%  (Pechan  and  Associates  1992).  This  action  only 
applies  when  petroleum  solvents  are  used  (25%  of  dry  cleaning  solvent  use  in  Canada)  (CCME 
1990a)  to  give  a  potential  net  reduction  of  17.5%  in  the  dry  cleaning  area  source  sector  (SC 
105). 

Dryclean2 

In  synthetic  solvent  based  dry  cleaning  operations,  replacing  a  transfer  system  with  a  dry-to-dry 
system,  where  washing  and  drying  are  performed  in  a  single  unit,  eliminates  VOC  emissions 
diuing  transfer  operations,  reducing  VOC  emissions  from  these  facilities  by  50%  (SCAQMD 
1991b).  This  technology  is  only  apphcable  to  synthetic  solvent  based  dry  cleaning  operations 
which  represents  75%  of  dry  cleaning  solvent  use  in  Canada  (CCME  1990a).  The  potential  net 
reduction  of  VOC  from  this  action  is  37.5%  (75%  *  50%).  An  unquantified  benefit  of  this  action 
is  a  concomitant  reduction  in  releases  of  and  exposures  to  a  potentially  toxic  and  carcinogenic 
air  pollutant  (Levelton  and  Associates  1991). 

Maximum  technically  feasible  actions: 

The  maximum  technically  feasible  option  for  reducing  VOC  emissions  from  dry  cleaners  is  the 
combination  of  both  actions  (Drycleanl&2)  which,  if  apphed  to  this  area  source  sector,  would 
reduce  VOC  emissions  by  55%.  Add-on  control  technology  designed  to  recover  solvents,  the 
maximum  technically  feasible  option  for  reducing  VOC  emissions  from  dry  cleaners,  could  be 
used  to  reduce  VOC  emissions  but  only  when  petroleum  solvents  are  used.  Due  to  the  cost  of 
synthetic  solvents,  synthetic  solvent  dry  cleaners  generally  already  operate  recovery  systems 
(CCME  1990a). 
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4^^     Degreasing 

Actions  to  reduce  emissions  from  degreasing  operations  affect  the  small  industry  commercial 
degreasing  area  source  sector  (SC  104)  in  the  OEI. 

ERCAM-VOC  includes  specific  data  for  process  enclosure  and  handling,  and  several  other 
actions  have  been  demonstrated. 

Process  modification 

Degreasel 

Controlling  evaporation  of  solvents  from  the  solvent  tank  by  trapping  solvent  vapours  with  a 
freeboard  cover  reduces  VOC  emissions  by  83%  (Pechan  and  Associates  1992). 

Degrease2 

Controlling  evaporation  of  solvents  from  the  solvent  tank  by  lowering  the  air  temperature  and 
causing  the  vapour  to  condense  reduces  VOC  emissions  by  25%  (CARB  1991c). 

DegreaseS 

Increasing  the  height  of  the  cleaner  wall  above  the  liquid  or  solvent  vapour  interface  reduces 
solvent  loss  through  evaporation  and  reduces  VOC  emissions  by  37.5%  (CARB  1991c). 


Add'On  control 

Degrease4 

Collecting  VOC  emissions  using  carbon  adsorbers  reduces  VOC  emissions  by  67.5%  (CARB 
1991c). 

Maximum  technically  feasible  actions: 

The  combination  of  Degreasel  and  Degrease4  (Degreasel &4)  would  be  the  maximum 
technically  feasible  action  to  reduce  VOC  from  degreasing  operations  (area  source  SC  104).  The 
combination  of  the  installation  of  a  freeboard  cover  (control  efficiency  of  83%)  and  add-on 
control  technology  (control  efficiency  of  67.5%)  would  result  in  a  reduction  in  VOC  emissions 
of  94.4%  (.83  +  ((l-.83)*.675). 

4^.6     Vapour  release 

Actions  to  reduce  VOC  emissions  from  this  source  category  may  potentially  affect  four  point 
source  and  three  area  source  sectors  in  the  OEI: 

•  SIC  361      Refmeries 

•  SIC  378      Organic  chemical  plants 
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•  SIC  5111    Storage  and  transfer  depots 

•  SIC  6331     Service  stations 

•  SC  101        Stage  I  gasoline  evaporation  (gasoline  evaporation  from  tanker  truck  and 

unloading  gas  at  service  station) 

•  SC  102       Stage  II  gasoline  evaporation  (gasoline  evaporation  during  refuelling  of 

motor  vehicles) 

•  SC  103       Gasoline  evaporation  from  tanker  truck  loading  at  refineries,  terminals 

and  plants 

The  data  base  for  vapour  releases  from  fuel  production,  fuel  transportation  and  transfers  and 
organic  chemical  plants  is  more  extensive  and  better  quantified  than  any  of  the  other  categories. 
Not  only  does  the  CCME  documentation  contain  specific  reduction  and  cost  data,  the  ERCAM- 
VOC  covers  a  number  of  specific  actions,  and  the  CARB,  Bay  Area  and  South  Coast  data  also 
cover  specific  actions,   or  sub-actions,  or  both. 

Process  modification 

Vapourl 

Vapour  balancing,  the  technique  of  transferring  displaced  vapours  in  the  service  station  tank 
back  to  the  truck  tank  during  filling  operations,  reduces  VOC  emissions  by  95%  from  stage  I 
gasoline  evaporation  area  source  sector  (SC  101)  (CCME  1990b). 

Vapourl 

Vapour  balancing  between  motor  vehicle  tanks  and  service  station  tanks  during  refuelling 
reduces  VOC  emissions  from  the  stage  n  area  source  sector  (SC  102)  by  80%  (Environment 
Canada  1992). 

Substitution 

Vapour3 

By  reducing  the  volatility  of  gasoline,  VOC  emissions  may  be  reduced  from  storage  and  transfer 
depots  (SIC  5111)  and  service  stations  (SIC  6331)  as  well  as  from  all  three  area  sources  (SC 
101,  102  and  103).  Reducing  the  volatility  of  gasoline  by  17  kPa  for  five  months  a  year  (for 
example,  a  reduction  from  an  average  79  kPa  to  62  kPa)  would  reduce  VOC  emissions  from 
these  sources  by  10%  (CCME  1990b). 

Add-on  control 

Vapour4 

Vapour  recovery  at  marketing  terminals  involves  first  carbon  adsorption  to  capture  and  then 
carbon  adsorption  to  recover  VOCs.  This  action  reduces  VOC  emissions  from  storage  and 
transfer  depots  (SIC  5111)  by  90%  (CCME  1990b). 
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VapourS 

Vapour  control  devices  such  as  combustion  control  devices  and  carbon  adsorption  reduce  VOC 
emissions  from  organic  chemical  plants  (SIC  378)  by  93%  (CCME  1990b).  The  preferred  device 
depends  on  the  chemical  being  manufactured. 

Combination 

Vapour6 

Implementing  a  leak  detection  and  repair  (LDAR)  program  in  concert  with  installing  leakless 
equipment  at  organic  chemical  plants  (SIC  378)  reduces  VOC  emissions  by  56%  (CCME 
1990b). 

Vapour? 

Implementing  UDAR  in  concert  with  installing  leakless  equipment  at  refineries  (SIC  361)  reduce 
VOC  emissions  by  80%  (CCME  1990b). 

Maximum  technically  feasible  actions: 

The  maximum  technically  feasible  actions  for  reducing  VOC  emissions  from  vapour  releases  are 

shown  in  Table  13. 

Table  13     Maximum  technically  feasible  actions  for  vapour  recovery 


1 

Source  code 

Action  description 

Reduction 
efficiency 

Action 
number 

SIC  361  (refineries) 

Controlling  fugitive  emissions 

80% 

VapouF7 

SIC  378  (organic 
chemical  plants) 

LDAR,  leakless  equipment  and 
vapour  combustion  devices 

97% 

Vapour5&6 

SIC  5111  (storage  and 
transfer  depots) 

Reducing  the  butane  content  of 
gasoline  and  vapour  capture  devices 

91% 

Vapour3&4 

SC  101  (stage  1 
gasoline  evaporation) 

Reducing  the  butane  content  of 
gasoline  and  vapour  balancing 

96% 

Vapour  1&3 

SC  102  (stage  2 
gasoline  evaporation) 

Reducing  the  butane  content  of 
gasoline  and  vapour  balancing 

82% 

Vapour2&3 

4J2J     Industrial  combustion  sources 

Actions  to  reduce  NO,  emissions  from  this  source  category  may  potentially  affect  any  industrial 
combustion  point  in  any  of  the  point  source  sectors  in  the  OEI. 
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Actions  and  associated  costs  for  industrial  combustion  sources  were  derived  from  the  National 
Economic  Research  Associates  (NERA,  VHB  and  Goodfellow  1992)  report  entitled  Emission 
trading  program  for  stationary  sources  ofNO^  in  Ontario.  Reductions  in  VOCs  from  this  source 
category,  which  are  relatively  minor  (less  than  1%  of  total  anthropogenic  VOC  emissions),  were 
not  considered. 


Process  modification 

Boilersl 

Use  of  low  NOj  burners  (Low  No,)  is  a  process  modification  which  reduces  the  NO,  formed 
during  combustion.  These  burners,  which  are  commercially  available  for  most  types  of  boilers 
and  heaters,  (including  those  fired  with  natural  gas,  oil  and  pulverized  coal),  alter  the  mixing  of 
air,  fuel  and  combustion  products  within  the  flame  zone  to  reduce  NO,  formation.  Their  use 
leads  to  an  average  reduction  of  40%  in  NO,  emissions  (NERA,  VHB  and  Goodfellow  1992). 

Add-on  control 

Boilers2 

Flue  gas  recirculation  (FOR)  involves  recycling  a  portion  (10-15%)  of  cooled  and  oxygen- 
deficient  stack  emissions.  This  reduces  the  temperature  and  the  oxygen  concentration  in  the 
combustion  air.  Their  use  leads  to  an  average  reduction  of  25%  in  NO,  emissions  (NERA,  VHB 
and  Goodfellow  1992). 

Boilers3 

Selective  Non-Catalytic  Reduction  (SNCR)  involves  the  injection  of  either  ammonia  or  urea  into 
the  flue  gas  which  results  in  the  decomposition  of  NO,  into  nitrogen  and  water.  This  technology, 
which  is  applicable  to  most  NO,  generating  processes,  has  a  "typical"  60%  NO,  removal 
efficiency  (NERA,  VHB  and  Goodfellow  1992).  A  major  disadvantage  of  SNCR  is  that  its 
efficiency  depends  greatly  on  operating  conditions. 

Boilers4 

Selective  Catalytic  Reduction  (SCR)  involves  the  reaction  of  NO,  with  ammonia  in  a  catalytic 
reactor  to  form  nitrogen  and  water.  This  technology,  which  is  applicable  to  all  industrial-boiler 
types,  has  an  estimated  80%  NO,  removal  efficiency  (NERA,  VHB  and  Goodfellow  1992). 

Maximum  technically  feasible  actions: 

Combinations  of  any  two  of  the  above  technologies  are  possible  and  the  costs  of  each 
technology  are  assumed  to  be  additive.  The  maximum  technically  feasible  action  for  reducing 
VOC  emissions  in  the  boiler  source  category  is  a  combination  of  Low  NO,  (Boilersl)  and  SCR 
(Boilers4)  which  achieve  NO,  reduction  efficiencies  oif  88%  (Boilersl&4). 
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4.3     Costing  methodology  for  stationary  sources 

The  costs  of  actions  affecting  NO,  and  VOC  emissions  from  stationary  sources  are  based  on  a 
review  of  the  hterature.  Where  possible  capital  costs  and  operating  costs  of  each  action  are 
estimated.  The  total  annualized  cost  of  each  action  is  estimated  using  a  private  discount  rate  of 
6%  and  an  acUon  life  of  20  years.  For  some  actions  the  literature  provided  only  an  estimate  of 
the  $/t  of  emissions  reduced.  In  these  cases  the  $/t  estimate  was  multiplied  by  the  estimated 
tonnes  of  emissions  reduced  to  determine  the  total  annualized  cost  of  the  action.  A  detailed 
description  of  the  cost  methodology  for  stationary  sources  is  presented  in  Appendix  H. 
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5. 

Emissions  abatement 

actions  and  costs  for 

mobile  sources 


Emissions  abatement  actions  were  developed  to  reduce  NO,  and  VOC  emissions  from  on-road 
mobile  sources.  Emissions  reductions  are  estimated  by  vehicle  type  in  the  year  2005.  All  actions 
are  assumed  to  be  implemented  by  the  end  of  1995.  The  estimated  emissions  reduction  are  by 
type  of  vehicle  unless  indicated  otherwise. 

A  summary  action  sheet  detailing  the  information  used  to  estimate  the  cost  and  potential 
emissions  reduction  of  each  action  in  2005  is  provided  in  Appendix  K.  A  description  of  the  cost 
methodology  for  mobile  sources  is  presented  in  Appendix  I. 

5.1     Review  of  actions  and  cost  information  for  mobile  sources 

The  estimation  of  the  potential  reduction  in  emissions  and  the  costs  of  actions  affecting  mobile 
sources  is  constrained  by  several  factors: 

•  insufficient  information  on  the  source  of  the  off-road  emissions  (i.e.  the  number,  sizes 

and  hours  of  operation  of  off-road  internal  combustion  sources  and  other  mobile  internal 
combustion  sources); 
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•  insufficient  information  on  the  potential  emissions  reduction  and  costs  of  actions  (i.e. 
lack  of  detail  or  demonstrated  technically  feasible  control  options  for  rail,  air,  and 
marine  sources);  and 

•  applicability  of  the  action  to  Ontario  emissions  sources  (possible  differences  between  the 
conditions  assumed  in  determining  the  efficiencies  and  costs  of  generic  actions,  and  the 
conditions  pertaining  in  Ontario). 

Additionally,  for  many  actions  the  information  collected  is  related  to  the  examination  of  the 
impact  of  policies  affecting  other  pollutants,  including  particulate  matter,  carbon  monoxide  and 
sulphur  dioxide,  and  are  not  exclusively  focused  on  the  reduction  of  NO,  and  VOCs  emissions. 

Finally,  much  of  the  available  information  is  specific  to  particular  issues  examined,  and  its 
generic  use  creates  uncertainty  when  applied  to  individual  emissions  sources.  For  example,  the 
costs  and  emissions  reductions  for  on-road  mobile  emissions  sources  vary  by  type,  make,  year, 
emissions  control  technology,  maintenance,  climate,  fuel  use  and  driving  habits,  etc.  of  each 
individual  vehicle.  Available  information  may  not  be  representative  of  conditions  in  Ontario,  so 
that  the  use  of  this  information  may  lead  to  errors  in  estimating  costs  and  emissions  in  Ontario 
and  the  Southern  Ontario  Corridor. 

5.1.1     On-road  mobile  sources 

The  most  complete  information  available  is  for  on-road  mobile  sources  where  there  is  a  wide 
range  of  potential  emissions  control  and  reduction  actions.  These  include  exhaust  emissions 
control,  reduction  in  travel  demand  and  vehicle  inspection  and  maintenance. 

The  best  source  of  information  for  on-road  mobile  soiu"ces  control  technology  is  Sypher  Mueller 
(1992a;  1992b),  which  assessed  the  costs  and  potential  reduction  of  exhaust  emissions  control 
technologies.  These  control  technologies  reduce  both  NO,  and  VOCs  (as  well  as  other 
emissions). 

Based  on  the  information  available  the  costs  and  emissions  reduction  potential  was  developed 
for  the  following  types  of  actions  for  on-road  mobile  sources: 

•  exhaust  emissions  control  for  light  duty  vehicles,  heavy  duty  vehicles  and  motorcycles; 

•  reduction  in  travel  demand  through  traffic  management  actions  and  changes  in  the  transit 
mode  share;  and 

•  reduced  emissions  through  the  monitoring  of  emissions  in  an  "enhanced"  inspection  and 
maintenance  program. 

Reductions  in  travel  demand  can  affect  emissions  from  all  on-road  mobile  sources  but  are 
targeted  at  reducing  the  demand  for  private  passenger  vehicles.  The  enhanced  inspection  and 
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maintenance  program  reduces  emissions  from  all  private  passenger  vehicles  within  a  vehicle 
fleet. 

5.2    Emissions  abatement  actions  for  mobile  sources 

The  following  discussion  provides  a  brief  description  of  the  action,  the  mobile  sources  it  affects, 
the  expected  reduction  in  emissions  from  the  mobile  source  and  the  potential  indirect  benefits 
(e.g.  other  emissions  reductions)  resulting  from  adoption  of  the  action. 

Four  levels  of  exhaust  emissions  control  were  considered  for  on-road  mobile  sources  (Sypher 
MueUer  1992a;  1992b): 

•  Canadian  new  50,000  mile  exhaust  emissions  control  standards  for  new  vehicles; 

•  California  50,000  mile  transitional  low  emissions  vehicle  standards  for  new  vehicles; 

•  California  50,000  mile  low  emissions  vehicle  standards  for  new  vehicles;  and 

•  California  50,000  mile  ultra  low  emissions  vehicle  standards  for  new  vehicles. 

Reductions  in  emissions  and  the  costs  of  these  actions  arising  from  exhaust  emissions  controls 
is  for  new  vehicles  beginning  in  the  year  1996.  The  incremental  capital  cost  of  the  emissions 
control  technology  are  incurred  by  the  motor  vehicle  owner.  Capital  costs  are  annualized  using 
a  private  discount  rate  of  6%. 

5^.1      Light  duty  vehicles  emissions  control  technologies 

The  four  levels  of  emission  control  were  considered  for  the  following  light  duty  vehicles: 

•  gasoline  passenger  vehicles  (including  taxis); 

•  diesel  passenger  vehicles  (including  taxis); 

•  gasoline  trucks;  and 

•  diesel  trucks. 

The  exhaust  emissions  control  technologies  included  in  the  four  levels  of  exhaust  emissions 
control  for  light  duty  vehicles  are  presented  in  Appendix  I. 

Table  14  presents  the  proposed  new  emissions  standards  and  the  per  cent  change  in  new  vehicle 
emissions  standards  relative  to  current  emissions  standards  for  the  16  exhaust  emissions  control 
actions  considered  for  light  duty  vehicles. 
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Table  14     Emissions  reduction  of  light  duty  vehicle  actions 


Proposed  emissions  standards  (Sypher  Mueller  1992a)  (g/mile) 


Action  1* 

Action  2'' 

Action  3' 

Action  4' 

Source 

NO. 

VOCs 

NO. 

VOCs 

NO, 

VOCs 

NO. 

VOCs 

Gasoline  vehicles 

0.40 

0.25 

0.40 

0.13 

0,20 

0.08 

0.20 

0.04 

(LDGV) 

Diesel  vehicles  (LDDV) 

1.00 

0.25 

0.40 

0.13 

0.20 

0.08 

0.20 

0.04 

Gasoline  tracks  (LDGT) 

0.70 

0.28' 

0.55 

0.14 

0.30 

0.09 

0.30 

0.05 

Diesel  tracks  (LDDT) 

0.70 

0.28 

0.55 

0.14 

0.30 

0.09 

0.30 

0.05 

Emissions  reduction  in  new  vehicles  firom  base  case' 


Source 

Action  1 
NO.         VOCs 

Action  2 
NO.         VOCs 

Action  3 
NO.         VOCs 

Action  4 
NO.           VOCs 

Gasoline  vehicles 
(LIXJV) 

60%            38% 

60%            69% 

80%             81% 

80%              90% 

Diesel  vehicles 
LDDV 

0%            38% 

60%            69% 

80%            81% 

80%              90% 

Gasoline  tracks 
(LDGT) 

59%            65% 

68%            82% 

82%            89% 

82%             94% 

Diesel  tracks 
O-DDT) 

59%            65% 

68%            82% 

82%            89% 

82%              94% 

Proposed  new  50,000  mile  Canadian  emissions  control  standards  for  new  vehicles. 

Proposed  California  50,000  mile  transitional  low  emissions  vehicle  standards  for 

new  vehicles. 

Proposed  California  50,000  mile  low  emissions  vehicle  standards  for  new  vehicles. 

Proposed  California  50,000  mile  ultra  low  emissions  vehicle  standards  for  new 

vehicles. 

Simple  average  of  0.25  g/mile  and  0.60  g/mile  emissions  for  light  duty  tracks. 

Base  case  applicable  50,000  mile  emissions  standards  as  of  December  1990 

(Sypher  Mueller  1992a)  (g/mile): 


Source 

NO. 

VOCs 

LDGV 

1.00 

0.40 

LDDV 

1.00 

0.40 

LDGT 

1.70 

0.80 

LDDT 

1.70 

0.80 

Sypher  Mueller  1992a. 


Table  15  presents  the  expected  per  cent  reduction  in  total  fleet  emissions  in  2005  resulting  from 
lower  new  vehicle  emissions  standards.  The  expected  per  cent  reduction  in  total  vehicle  fleet 
emissions  from  forecasted  base  case  emissions  presented  in  Table  15  reflects  the  impact  of  both 
the  rate  of  vehicle  turnover  and  the  deterioration  in  the  effectiveness  of  the  emissions  control 
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technology.  The  change  in  the  level  of  total  vehicle  fleet  emissions  in  2005  is  calculated  using 
the  rate  of  turnover  of  the  total  vehicle  fleet  (i.e.,  annual  additions  of  new  vehicles  to  the  fleet) 
(OMTO  1988)  beginning  in  the  1996  new  vehicle  year.  For  example,  about  11%  of  the  total 
gasoline  passenger  vehicle  fleet  is  composed  of  new  vehicles.  For  every  fleet  year  between  1996 
and  2005  an  additional  1 1  %  of  the  fleet  conforms  to  the  new  vehicle  emissions  standards  of  the 
action.  The  reduction  in  the  total  vehicle  fleet  emissions  is  offset  by  an  increase  in  the  rate  of 
emissions  for  older  vehicles  (containing  the  new  emissions  control  equipment)  within  the  fleet 
as  a  result  of  the  deterioration  or  failure  of  the  emissions  control  technology.'^ 


Table  15     Light  duty  vehicle  fleet  emissions  reductions  from  base  case  forecast  in  2005 


Action  1 

Action  2 

Action  3 

Action  4 

Source 

NO, 

VOCs 

NO. 

VOCs 

NO. 

VOCs 

NO, 

VOCs 

Gasoline  vehicles 

47% 

16% 

47% 

29% 

62% 

34% 

62% 

38% 

Diesel  vehicles 

0% 

15% 

47% 

28% 

62% 

33% 

62% 

37% 

Gasoline  trucks 

50% 

36% 

57% 

45% 

70% 

49% 

70% 

52% 

Diesel  trucks 

50% 

37% 

58% 

47% 

70% 

51% 

70% 

54% 

Change  in  emissions  reflects  implementation  of  the  new  vehicle  emissions  standards 
beginning  in  1996  and  the  rate  of  deterioration  in  emissions  technology  by  age  of 
vehicle.  For  a  description  of  each  scenario  see  Table  14.  Calculation  of  enussions 
reduction  potential  is  presented  in  Appendix  I. 


The  potential  benefits  of  emissions  controls  on  light  duty  vehicles  include  reductions  in  carbon 
monoxide  and  particulate  emissions.  Where  benefits  are  pecuniary  (e.g.  savings  in  the  operation 
and  maintenance  of  vehicles),  these  are  included  in  the  (net)  operating  cost  estimates. 

SJ.^     Heavy  duty  vehicles  emissions  control  technologies 

Emissions  of  NO,  can  be  reduced  from  heavy  duty  vehicles  through  the  adoption  of  additional 
emissions  controls  on  both  diesel  and  gasoline  vehicles  (>  8  500  lbs)  (Sypher  Mueller  1992b). 

An  emissions  control  action  is  comprised  of  several  control  technologies  which  reduce  NO,  was 
developed  for  diesel  and  gasoline  heavy  duty  vehicles.  The  emissions  control  technologies 


The  addition  of  new  vehicles  to  the  total  vehicle  fleet  and  the  rate  of  deterioration  in  emissions 
control  technology  by  age  of  vehicle  are  used  to  calculate  the  change  in  total  vehicle  fleet  emissions 
for  light  duty  vehicles,  heavy  duty  vehicles  and  motorcycles  (see,  Appendix  I). 
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included  in  both  the  diesel  and  gasoline  heavy  duty  vehicles  emissions  reduction  actions  are 
presented  in  Appendix  I. 

Emissions  of  NO,  from  both  new  diesel  and  gasoline  heavy  duty  trucks  are  expected  to  decrease 
by  about  33%.  The  reduction  in  emissions  is  the  proposed  Canadian  exhaust  emissions  standards 
(see  note  a.  Table  14)  (Sypher  Mueller  1992b).  These  standards  apply  to  both  heavy  duty 
vehicles  and  buses.  In  2005,  the  total  fleet  emissions  reduction  of  NO,  is  expected  to  be  about 
13%  from  2005  levels. 

The  potential  benefits  of  emissions  controls  include  reductions  in  particulate  emissions  and  trace 
pollutants,  as  well  as  fuel  use.  Savings  in  the  operation  of  heavy  duty  vehicles  are  also  expected, 
and  reflected  in  (net)  operating  costs  (Sypher  Mueller  1992b). 

5.23     Motorcycles  emissions  control  technologies 

Exhaust  emissions  of  VOCs  from  new  motorcycles  can  be  reduced  through  the  adoption  of  a 
number  of  control  options.  These  include: 

•  leaner  air/fuel  ratio; 

•  idle  mixture  limiter; 

•  modified  valve  and  ignition  timing;  and 

•  catalytic  converters  are  also  an  option. 

Emissions  of  VOCs  would  be  reduced  to  1.6  g/mile  for  50,000  miles  for  all  classes  of 
motorcycles.  This  reduction  in  emissions  is  expected  to  result  in  a  48%  reduction  in  emissions 
from  new  motorcycles  and  a  16%  reduction  in  emissions  from  the  motorcycle  fleet  in  the  year 
2005.  The  cost  of  the  emissions  control  technologies  included  in  the  action  are  presented  in 
Appendix  I. 

Other  benefits  from  the  application  of  exhaust  emissions  control  technologies  to  motorcycles 
include  a  reduction  in  carbon  monoxide  emissions  (Sypher  Mueller  1992b). 

5.2.4     Reduction  in  travel  demand 

Two  different  actions  for  reducing  emissions  of  NO,  and  VOCs  are  considered: 

•  improved  traffic  management;  and 

•  shifts  in  the  transit  mode  split. 
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Both  of  these  actions  are  expected  to  reduce  the  vehicle  kilometres  travelled  in  private  passenger 
vehicles,  particularly  commuter  trips.  The  reduction  in  private  passenger  vehicle  travel  demand 
results  in  a  reduction  in  emissions.  The  reduction  in  emissions  is  expected  to  be  most 
pronoimced  during  peak  traffic  times.  This  may  reduce  the  number  of  ozone  episodes  at  this 
time. 

Improve  traffic  management  system  (TRAFFMGMTl) 

Traffic  congestion  is  a  significant  cause  of  motor  vehicle  emissions.  Both  freeways  and  major 
urban  roads  operate  at  capacity  during  peak  periods.  Even  if  road  capacities  increase,  the 
problem  of  congestion  will  not  be  alleviated.  Improvements  to  the  flow  of  traffic  through 
improved  signal  timing  and  traffic  c^erations,  and  "SMART"  streets  can  improve  the  efficiency 
of  the  traffic  system,  reduce  travel  demand  and  consequently  reduce  emissions  of  NO,  and 
VOCs  (BAAQMD  1991b). 

All  types  of  vehicle  trips  are  affected,  including  inter-regional  and  commercial  travel,  as  well 
as  commuter,  shopping,  recreation,  and  personal  business  trips. 

Emissions  reduction  of  about  2%  for  both  NO,  and  VOCs  emissions  are  expected  from  this 
action. 

The  action  is  also  expected  to  result  in  reductions  in  energy  use  and  emissions  of  CO,  particulate 
matter,  sulphur  dioxide  and  carbon  monoxide.  Savings  in  travel  time  are  also  possible.  By 
reducing  congestion,  improved  traffic  management  systems  are  expected  to  produce  a  small 
increase  in  vehicle  trips  and  VKT  (BAAQMD  199 Id). 

Shift  in  transit  mode  share  (TRANSITl  and  TRANSIT!) 

An  expansion  or  improvement  in  the  public  transit  system  in  Ontario  would  reduce  the  number 
of  private  motor  vehicle  trips  (vehicle  kilometres  travelled)  and  possibly  increase  the  number  of 
persons  per  vehicle  using  travel  corridors. 

Information  regarding  shifts  in  transit  mode  shares  was  obtained  from  VHB,  Pilorusso  and 
McCormick  Rankin  (1991).  Two  actions  to  improve  public  transit  ridership  are  considered: 

•  TRANSIT!  -  a  transit  mode  share  increase  from  about  9%  to  16%  of  vehicle  trips  in 

Ontario  for  the  year  2005.  Travel  demand  is  expected  to  reduce  8%.  The  increase  in 
transit  mode  share  in  the  GTA  will  be  from  18%  to  30%  vehicle  trips  in  2005.  Ottawa- 
Carleton's  transit  mode  share  is  expected  to  increase  from  10%  to  30%  vehicle  trips  for 
the  year  2005. 

f  TRANSrr2  -  a  transit  mode  share  increase  irom  about  9%  to  22%  of  vehicle  trips  in 

Ontario  in  2005.  Travel  demand  is  expected  to  reduce  8%.  The  transit  mode  share  in  the 
GTA  will  increase  from  18%  to  40%  vehicle  trips.  In  Ottawa-Carleton  the  share  is 
expected  to  increase  from  10%  to  35%  vehicle  trips. 
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The  expansion  of  public  transit  does  not  guarantee  an  increase  in  ridership.  Individuals  will 
determine  their  use  of  public  transit  based  on  such  factors  as  personal  income,  preference  for 
private  motor  vehicle  use  and  land-use  practises  (low  density  versus  high  density  living),  as  well 
as  the  convenience  of  transit  services  versus  those  provided  for  private  vehicles  and  the  cost  of 
public  transit  versus  the  cost  of  private  vehicles. 

The  increase  in  transit  share  also  is  expected  to  reduce  energy  use  and  emissions  of  carbon 
monoxide  and  carbon  dioxide  from  on-road  mobile  transportation.  Reductions  in  particulate 
matter  and  sulphur  dioxide  may  also  occur. 

5.2^     Inspection  and  maintenance  (I&M) 

Annual  reduction  in  emissions  can  be  achieved  through  improved  operation  and  maintenance  of 
motor  vehicles.  An  enhanced  inspection  and  maintenance  program,  including  the  testing  of 
vehicle's  emissions  control  technology  is  considered  an  effective  means  of  reducing  emissions 
of  NO,,  VOCs  and  CO  from  the  passenger  vehicle  fleet. 

The  Ontario  Ministry  of  Transportation  has  developed  a  proposal  for  an  enhanced  annual 
inspection  and  maintenance  program  (Personal  communication,  Michael  Young,  Ontario  Ministry 
of  Environment  and  Energy  1993).  The  program  proposes  evaporative  and  loaded  dynamonitor 
testing  of  all  private  passenger  vehicles  in  the  GTA.  For  the  purposes  of  this  study,  the  enhanced 
inspection  and  maintenance  program  is  applicable  to  all  light  duty  vehicles  in  Ontario.  Light 
duty  vehicles  are  the  largest  contributor  to  emissions  from  mobile  sources. 

Assuming  a  100%  achievement  of  each  vehicle's  performance  standard,  the  inspection  and 
maintenance  program  is  expected  to  reduce  NO,  emissions  by  10%  and  VOCs  by  24%. 

Additional  benefits  from  the  action  include  reductions  in  carbon  monoxide,  carbon  dioxide  and 
particulate  emissions.  In  addition,  the  action  yields  savings  in  fuel  use  and  the  cost  of  operation 
of  light  duty  vehicles,  which  are  reflected  in  (net)  operating  costs. 

5.3     Costing  methodology  for  mobile  sources 

The  cost  of  actions  reducing  emissions  of  NO^  and  VOCs  from  mobile  sources  are  estimated 
based  on  control  technology  costs  collected  from  the  literature  and  estimates  of  the  composition 
of  the  vehicle  fleet  by  type  of  vehicle.  For  example,  the  incremental  cost  of  additional  exhaust 
emissions  control  technologies  is  estimated  beginning  with  the  1996  new  vehicle  fleet  of  heavy 
and  light  duty  vehicles  and  motorcycles. 

The  cost  estimates  of  actions  reducing  travel  demand  have  been  taken  directly  from  the 
literature. 

Detailed  cost  data  for  each  action  is  provided  in  Appendix  K.  The  methodologies  adopted  to 
estimate  the  costs  of  mobile  source  actions  are  presented  in  Appendix  I. 
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Annualized  costs  in  2005  for  emission  reductions  that  year  are  estimated  by  considering  the 
capital  and  operating  costs  of  actions  and  the  lifetime  of  the  action.  In  order  to  identify  the  most 
economically  attractive  actions,  their  incremental  unit  costs  in  dollars  per  tonne  of  NO,  or  VOC 
emissions  reduced  are  calculated.'"* 

Because  some  of  the  actions  apply  to  the  same  emissions  source,  it  was  necessary  to  define  how 
combinations  of  actions  will  be  applied  and  in  what  order.  This  was  done  by  considering  actions 
that  apply  to  a  single  source  together,  and  estimating  the  costs  of  moving  from  the  least 
expensive  to  the  most  expensive  option,  and  considering  the  incremental  unit  cost.  For  example, 
for  the  reduction  of  NO,  emissions  from  light  duty  gasoline  vehicles,  it  is  possible  to  reduce 
emissions  by  about  60%  based  on  new  Canadian  emissions  control  standards  for  new  vehicles 
(i.e.  LDGVl)'',  or  through  proposed  California  transitional  low  emissions  vehicle  standards 
(i.e.  LX)GV2)  (see  Table  16).  The  first  action  reduces  NO,  emissions  by  the  same  amount  at  a 
lower  cost  per  vehicle  than  the  second  action.  Consequently,  LDGV2  is  never  preferred.  A 
complete  description  of  the  modelling  framework  used  to  determine  the  relative  costs  of  actions 
is  presented  in  Appendix  J. 


14  The  details  of  the  methodology  used  are  described  in  Appendix  J. 

15  Actions  are  described  using  the  action  codes  in  Appendix  K  (eg.  LDGVl). 
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Based  on  the  analysis  of  the  incremental  cost  of  each  action,  a  number  of  actions  were  found 
economically  unattractive  and  will  never  be  selected  (e.g.  LDGV2).  These  actions  have  a  higher 
cost  and  lower  emissions  reductions  than  at  least  one  other  action  that  applies  to  the  same 
emissions  source.  The  selected  set  of  actions  for  NO,  reduction  is  presented  in  Table  16.  The 
selected  set  of  actions  for  VOC  reduction  is  presented  in  Table  17.  Actions  that  were  considered, 
but  that  are  not  economically  attractive,  are  not  presented  in  either  Table,  but  are  included  in 
Appendix  K.  There  is  no  consideration  of  uncertainty  in  the  analysis  of  the  emissions  reduction 
actions. 

6.1     Actions  to  reduce  NO^  emissions  in  Ontario 

As  indicated  in  the  inventory  data  in  Chapter  3,  the  largest  sources  of  NO,  emissions  considered 
in  this  study  from  a  quantity  perspective  are  stationary  boilers  and  on-road  mobile  sources, 
accounting  for  15%  and  23%  respectively  of  emissions  in  2005.  Actions  affecting  both  these 
source  categories  require  the  adoption  of  emissions  control  technologies.  In  addition,  two  actions 
to  reduce  demand  (TRAFFMGMTl  and  TRANSIT2),  as  well  as  an  emissions  reduction  action 
(INSPMAINl)  affecting  NO,  emissions  from  on-road  mobile  sources  are  included  in  the 
analysis. 

The  actions  ordered  by  their  economic  attractiveness  for  reducing  NO,  emissions  from  least  to 
most  expensive  are  presented  in  Table  16.  Ranking  is  based  on  the  incremental  unit  cost  of  each 
action.  Control  of  NO,  emissions  from  hght  duty  gasoline  vehicles  (LDGVl)  is  the  most 
economically  attractive  action  and  the  only  action  to  result  in  a  negative  cost  (a  net  benefit). 
This  action  results  in  a  reduction  of  about  17  119  t/a  in  NO,  emissions  (i.e.  15%  of  total 
emissions  reduced)  before  the  impact  of  B0ILERS3  is  considered. 

In  assessing  these  actions,  it  should  be  noted  that  the  incremental  unit  cost  for  LDGV  or  boiler 
related  actions  rises  significantly  as  the  total  reduction  in  NO,  emissions  increases.  For  example, 
the  least  economically  attractive  action  to  reduce  emissions  from  light  duty  gasoline  vehicles 
(LDGV3)  has  an  incremental  unit  cost  over  100  times  higher  than  the  most  cost  effective  action 
effecting  that  source  (LDGVl)'*.  However,  the  average  cost  of  each  action  increases  at 
moderately  lower  rate  (i.e.  the  average  cost  of  LDGV3  is  only  about  14  times  higher  than 
LDGVl). 

The  largest  incremental  reductions  in  emissions  result  from  actions  affecting  boiler  combustion 
through  emissions  control  technology.  Actions  affecting  boilers  result  in  emissions  reductions 
of  about  72  000  t/a  (i.e.  61%  of  total  emissions  reduced).  All  boiler  actions  have  a  positive 
incremental  unit  cost.  Also,  the  first  four  actions  LDGVl  and  boiler  (B0ILERS3,  BOILERS  1&3 
and  BOILERS2&3)  account  for  about  53%  of  total  NO,  emissions  reduced.  In  total,  emissions 
control  actions  affecting  light  duty  on-road  mobile  sources  and  boilers  account  for  most  of  the 


16     A  description  of  the  term  "cost-effective"  used  in  this  report  is  provided  in  Appendix  J. 
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Table  16     Actions  to  reduce  NO,  emissions  ordered  by 

economic  attractiveness 

1 

IncremenUl 

Average 

cost 

cost 

Cumulative 

($/t  NO. 

($/t  NO. 

reduction 

Source 

Source  description 

reduced) 

reduced) 

NO.  (t/a) 

LDGVl 

Reduce  VOC  emissions  from  0.4  to  0.25  g/raile  and 
NO,  emissions  from  1  lo  0.4  g/mile. 

($1  419) 

($1  419) 

17  119 

B0E,ERS3 

Selective  Non-Catalytic  Reduction  (SNCR) 

$1  836 

$875 

57  989 

BOILERS  1&3 

Low  NO.  &  SNCR 

$2  756 

$1  021 

62  866 

BOILERS2&3 

FOR  &  SNCR 

$5  056 

$1  854 

79  214 

HDDVl 

Reduce  NO,  emissions  from  heavy  duty  diesel 
vehicles  from  6.0  g/bhp-hr  to  4.0  g/bbp-bi. 

$8  349 

$2  463 

87  418 

B0ILERS2&4 

FGR  &  SCR 

$10  857 

$2  838 

91  505 

BOE,ERSl&4 

Low  NO,  &  SCR 

$15  012 

$3  156 

93  957 

LX)DV2 

Reduce  VOC  emissions  from  0.4  to  0.125  g/mile 
and  NO,  emissions  from  1  to  0.4  g/mile. 

$15  039 

$3  217 

94  442 

LDDTI 

Reduce  VOC  emissions  from  0.8  to  0.28  g/mile  and 
NO,  emissions  from  1.7  to  0.7  g/mile. 

$35  795 

$3  321 

94  744 

LDGTl 

Reduce  VOC  emissions  from  0.8  to  0.28  g/mile  and 
NO,  emissions  from  1.7  to  0.7  g/mile. 

$36  437 

$4  666 

98  756 

TRAFFMGMT 
1 

Reduction  in  travel  demand 

$58  000 

$6  025 

101  337 

LDDV3 

Reduce  VOC  emissions  from  0.4  to  0.075  g/mile 
and  NO,  emissions  from  1  to  0.2  g/mile. 

$78  653 

$6  140 

101  499 

LDGT3 

Reduce  VOC  emissions  from  0.8  to  0.088  g/mile 
and  NO,  emissions  from  1.7  to  0.3  g/mile. 

$92  440 

$7  484 

103  104 

LDDT3 

Reduce  VOC  emissions  from  0.8  to  0.088  g/mile 
and  NO,  emissions  from  1.7  to  0.3  g/mile. 

$103  780 

$7  596 

103  225 

BOILERS4 

Selective  Catalytic  Reduction  (SCR) 

$131  061 

$11  418 

106  522 

LDGV3 

Reduce  VOC  emissions  from  0.4  to  0.075  g/mile 
and  NO,  emissions  from  1  to  0.2  g/mile. 

$164  535 

$19  205 

112  229 

INSPMAINl 

Enhanced  inspection  and  maintenance  program 

$185  502 

$19  693 

112  560 

HDGVl 

Reduce  NO,  emissions  from  heavy  duty  gasoline 
vehicles  from  6.0  g/bhp-hr  to  4.0  g/bhp-hr. 

$276  147 

$20  154 

112  762 

TRANSm 

Optimistic  shift  in  transit  mode  share  to  22%  from 
10%,  reducing  travel  demand  by  14%. 

$397  S76 

$35  979 

117  894 
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initial  80%  reduction  in  NO,  emissions  from  the  sources  considered.  Only  the  reduction  of 
emissions  from  light  duty  gasoline  vehicles  is  expected  to  result  in  a  positive  net  financial  return. 

The  average  unit  cost,  including  all  of  the  actions  in  Table  16  is  $35  979/t  NO,  reduced.  This 
results  in  a  reduction  in  NO,  emissions  of  about  117  700  t/a  or  about  20%  of  total  NO, 
emissions  in  2005. 

6.1.1     An  abatement  cost  curve  for  actions 

The  abatement  cost  curve  for  NO,  emissions  reduction  is  estimated  by  plotting  and  sorting  the 
incremental  unit  costs  of  actions  against  the  cumulative  reduction  in  NO,  emissions  (Figure  2). 
For  example,  in  Table  16  action  HDGVl  (emissions  control  from  heavy  duty  gasoline  vehicles) 
is  more  attractive  than  action  TRANSIT2  (optimistic  shift  in  transit  mode)  for  reducing  NO, 
emissions  since,  its  incremental  unit  cost  is  less  (HDGVl  costs  $276  147/t-reduced  versus 
TRANSIT2  $397  876/t-reduced). 

Figure  2  illustrates  that  if  the  eight  most  costly  actions  were  excluded  (see.  Table  16),  the  least 
cost  actions  could  reduce  NO,  emissions  significantly  by  about  100  000  t/a  at  an  average  cost 
of  about  $6  000/t  reduced,  whereas  the  more  costly  actions  could  impose  costs  of  between  $7 
500/t  and  $36  000/t  NO,  reduced. 

6.2    Actions  to  reduce  VOC  emissions  in  Ontario 

As  indicated  in  the  inventory  data  in  Chapter  3,  the  sources  considered  in  this  study  with  the 
greatest  emissions  are  on-road  mobile,  fuel  vapour  and  surface  coating  sources,  accounting  for 
13%,  18%  and  19%  respectively,  of  emissions  in  2005.  Actions  affecting  these  source  categories 
require  the  adoption  of  emissions  control  technologies,  product  substitution  and  process 
modification.  These  actions  are  presented  in  Table  17.  In  addition,  actions  to  reduce  emissions 
from  printing,  degreasing,  dry  cleaning  and  solvents  are  also  considered.  Actions  reducing  travel 
demand  (TRAFFMGMTl  and  TRANSIT2),  as  well  as  an  emissions  reduction  action 
(INSPMAJNl)  affecting  VOC  emissions  from  motor  vehicles  are  included  in  the  analysis. 

In  assessing  these  actions,  it  should  be  noted  that  the  incremental  unit  cost  increases  more  than 
the  average  cost  for  each  successive  action.  This  occurs  due  to  the  large  number  of  actions  to 
reduce  VOC  emissions  which  have  a  negative  cost  (i.e.  a  net  economic  benefit),  or  no  net  cost, 
and  the  large  level  of  reduction  of  VOC  emissions  achieved  by  these  actions.  For  example,  a 
reduction  of  about  47%  of  total  VOC  emissions  is  achieved  through  actions  for  which  the 
incremental  unit  cost  is  zero  or  negative  per  tonne  VOC  reduced.  The  control  of  VOC  emissions 
from  surface  coating  applications  through  substitution  and  process  modifications  in  the 
autobody/refinishing  sector  (SC  107)  is  the  most  economically  attractive  action.  This  action 
results  in  about  22  500  t/a  reduction  in  VOC  emissions  (i.e.  7%  of  total  emissions  reduced). 

The  largest  incremental  reductions  in  emissions  result  from  actions  effecting  surface  coating 
applications  and  motor  vehicles.  Actions  affecting  surface  coatings  result  in  emissions  reductions 
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Figure  2      Least  cost  curve  of  action  to  reduce  NO,  emissions 
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of  about  112  000  t/a  (i.e.  36%  of  total  emissions  reduced).  Mobile  sources  emissions  control 
actions  result  in  a  reduction  of  VOC  emissions  of  1 1 1  000  t/a  (i.e.  about  11  %  of  VOC  emissions 
reduced).  The  average  unit  cost,  including  all  of  the  actions  in  Table  17  is  $12  941/t  VOC 
reduced.  This  results  in  a  reduction  in  VOC  emissions  of  about  304  000  t/a. 

The  average  cost  of  VOC  reduced  is  negative  (i.e.  a  potential  positive  financial  return  to  emitters 
who  bear  the  costs)  in  reducing  VOC  emissions  by  260  000  tonnes  (i.e.  about  85%  of  total  VOC 
reduced).  The  first  four  actions  have  a  negative  incremental  unit  cost  (i.e.  positive  economic 
benefit)  and  the  next  five  actions  are  expected  to  be  costless.  These  nine  actions  account  for 
almost  one-half  of  VOC  emissions  reduced. 

The  average  imit  cost,  including  all  of  the  actions  in  Table  17  is  $12  994 1/t  VOC  reduced.  This 
results  in  a  reduction  in  VOC  emissions  of  about  303  900  t/a  or  about  36%  of  total  VOC 
emissions  in  2005. 

6.2.1      An  abatement  cost  curve  for  actions 

The  abatement  cost  curve  for  VOC  emissions  reduction  is  estimated  by  plotting  and  sorting  the 
incremental  unit  costs  of  actions  against  the  cumulative  reduction  in  VOC  emissions  (Figuj-e  3). 
The  actions  ordered  by  their  economic  attractiveness  for  reducing  VOC  emissions  from  least  to 
most  expensive  are  presented  in  Table  17.  Ranking  is  based  on  the  incremental  unit  cost  of  each 
action. 

Figure  4  shows  the  cost  curve  in  more  detail  for  the  apparently  "flat"  portion  of  Figure  3,  i.e. 
for  actions  with  incremental  cost  up  to  about  $10  000/t-reduced,  which  could  reduce  emissions 
by  85%.  These  actions  will  reduce  VOC  emissions  significantly,  at  a  much  lower  cost  than  the 
remaining  more  costly  actions. 


6.3     Measures  to  induce  the  actions 

Some  of  the  actions  included  in  Table  16  and  Table  17  are  already  being  undertaken  where 
current  policies  and  economics  encourage  them.  There  are  opportunities,  through  new  policy 
measures,  to  encourage  greater  performance  of  these  actions,  and  thus  further  reduce  NO,  or 
VOC  emissions  in  Ontario.  So  far,  we  have  only  considered  potential  emissions  reduction 
actions,  which  are  choices  of  technology  or  behaviour  by  those  who  directly  make  these  choices. 
Measures  are  policies  and  policy  implementation  methods  adopted  by  governments  to  influence 
actions. 
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Figure  3      Least  cost  curve  of  actions  to  reduce  VOC  emissions 
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Figure  4      Least  cost  curve  of  selected  actions  to  reduce  VOC  emissions 
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Table  17     Actions  to  reduce  VOC  emissions  ordered  by  economic  attractiveness 


Source  Source  description 

PAINTS7  Substitution/Process  modifications 

LI^Vl  Reduce  VOC  emissions  from  0.4  to  0.25 

g/mile  and  NOx  emissions  ftt>m  1  to  0.4 

g/mile. 

PRINTING2  Carbon  adsorption  in  printing  facilities. 

DEGREASEl  Freeboard  cover  in  degreasing  operations. 

PAINTSSa  Increase  spray  transfer  efficiency. 

PAINTS5b&6  Increase  spray  transfer  efficiency  and 

waterborae  coatings 
SOLVENT2  Water-based  asphalts 

PAINTS6  Waterbome  coatings  in  architectural 

coatings  industry. 
PAINTSSc  increase  spray  transfer  efficiency. 

VAPOUR4  Vapour  capture  at  marketing/bulk 

terminals. 
VAPOUR  1  Vapour  balancing  during  unloading 

gasoline  at  service  stations. 
VAPS3UR5  Vapour  control  devices. 

VAP0UR7  LDAR  and  leakless  equipment 

PRINllNGl  Carbon  adsorption  in  printing  and 

publishmg. 
SOLVENTl  Reformulate  consumer  products  to  lower 

VOC  emissions 
PAINTS  1  Afterburners 

VAPOUR2  Vapour  balancing  during  refiielling  at 

service  stations. 
VAPOUR5&6  LDAR,  leakless  equipment  and  vapour 

control  devices 
DRYCLEANl  Recovery  dryers  in  petroleum  dry 

cleaning  operations 
PAINTS2&5a  Incineration  of  vapours  and  increase 

spray  transfer  efficiency 
DRYCLEAN2  Require  "closed"  or  "venlless"  dry-to-dry 

equipment  in  perchloroethylene  dry 
cleaning  operauons 
PAINTS3&5C  Incineration  of  vapours  and  increase 

spray  transfer  efficiency 

MCI  Reduce  VOC  emissions  from  motorcycles 

to  1.6  g/km. 

VAPOUR3d  Reduce  the  volatility  of  gasoline  for  five 

months  a  year. 

VAPOimi&3b  Reduce  the  volatility  of  gasoline  for  five 

months  a  year  and  vapour  balancing. 

VAPOUR2&3C  Reduce  the  volatility  of  gasoline  for  five 

months  a  year  and  vapour  balancing. 

INSPMAINl  Enhanced  inspection  and  maintenance 

program 


iDcremenUl  cost  Cumulative 

($/t  VOC  Average  cost  ($/t  reduction  VOC 

reduced)  VOC  reduced)  (t/a) 

(S5  164)  ($5  164)  22  503 

(J2  172)  ($4  171)  33  690 


($138) 
($3) 
$0 
$0 

SO 

so 
so 

$143 


51  825 

52  226 

52  933 

53  613 
$5  193 
$8  349 

S9  253 
$9  706 
$10  586 
$10  649 
$10  654 
$19  370 


(S2  862) 
($2  829) 
($2  764) 
(S2  197) 

($2  008) 
($992) 

($992) 
($985) 

($840) 


($190) 

($188) 
($30) 

($28) 

($13) 

$30 

$104 

$108 
$112 
$113 
$117 
$134 
$361 


49  867 

50  464 

51  646 
64  971 

71  076 
143  856 

143  907 

144  807 


$378 

(S812) 

169  070 

$550 

($604) 

199  600 

$744 

($602) 

199  844 

242  126 
259  060 

259  227 

260  326 
262  512 
264  866 

264  961 

265  072 
265  105 
265  212 
265  636 
268  805 
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Source 
LDGTl 


LDGT3 


TRAFFMGMTl 
LDDV2 


LDGT2 

VAPOUR3a&4 
LDDTI 


DECREASE  1&4 
LDGV4 


TRANSIT2 


LDDV3 


Source  description 

Reduce  VOC  emissions  from  0.8  to  0.28 
g/mile  and  NOx  emissions  from  1.7  to 
0.7  g/mile. 

Reduce  VOC  emissions  from  0.8  to 
0.088  g/mile  and  NOx  emissions  fitim 
1.7  to  0.3  g/mile. 
Reduction  in  travel  demand 
Reduce  VOC  emissions  ftt)m  0.4  to 
0.125  g/mile  and  NOx  emissions  horn  1 
to  0.4  g/mile. 

Reduce  VOC  emissions  from  0.4  to 
0.075  g/mile  and  NOx  emissions  from  1 
to  0.2  g/mile. 

Reduce  VOC  emissions  ftt)m  0.8  to 
0.143  g/mile  and  NQx  emissions  from 
1.7  to  0.55  g/mile. 

Reduce  the  volatility  of  gasoline  for  five 
months  a  year  and  vapour  capture. 
Reduce  VOC  emissions  from  0.8  to  0.28 
g/mile  and  NOx  emissions  from  1.7  to 
0.7  g/mile. 

Freeboard  cover  and  carbon  adsorption 
Reduce  VOC  emissions  from  0.4  to  0.04 
g/mile  and  NOx  emissions  from  1  to  0.2 
g/mile. 

Reduce  VOC  emissions  from  0.8  to 
0.045  g/mile  and  NOx  emissions  from 
1.7  to  0.3  g/mile. 

Optimistic  shift  in  transit  mode  share  to 
22%  from  10%.  reducing  travel  demand 
by  14%. 

Reduce  VOC  emissions  from  0.8  to 

0.088  g/mile  and  NOx  emissions  from 

1.7  to  0.3  g/mile. 

Reduce  VOC  emissions  from  0.4  to  0.04 

g/mile  and  NOx  emissions-  ftnm  1  to  0.2 

g/mile. 

Reduce  VOC  emissions  from  0.4  to 
0.075  g/mile  and  NOx  emissions  from  1 
to  0.2  g/mile. 

Reduce  VOC  emissions  from  0.8  to 
0.045  g/mile  and  NOx  emissions  from 
1.7  to0.3g/mile. 


Incremental  cost 
($/t  VOC 
reduced) 

$27  788 


$60  665 
$70  492 


Average  cost  ($/t 
VOC  reduced) 

$887 


$1  503 
$1  528 


$74  221 


$90  735 


$212  073 


$357  408 


Cumulative 
reduction  VOC 

(t/a) 

274  065 


274  631 


277  099 
277  203 


291  231 


$105  376 

$5  111 

291  241 

$113  819 

$5  147 

291  336 

$124  875 

$5  181 

291  418 

$128  793 

$6  353 

294  208 
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This  section  gives  initial  consideration  to  the  assessment  of  measures  to  induce  the  actions  that 
have  been  identified.  This  includes  elaboration  of  a  suggested  set  of  criteria  for  evaluating 
measures  to  decrease  emissions  of  NO,  and  VOCs.  One  of  the  criteria  for  assessing  a  measures 
is  its  cost-effectiveness,  which  is  determined  by  the  cost-effectiveness  of  all  of  the  actions  that 
the  measure  induces.  Although  measures  are  assessed  here  primarily  with  regard  to  their  cost- 
effectiveness,  implications  of  applying  other  criteria  for  the  selection  of  measures  are  also 
considered. 

63.1  The  need  for  measures 

There  are  two  major  barriers  to  the  performance  of  actions  to  reduce  emissions: 

•  Those  responsible  for  a  particular  emissions  source  recognize  that  there  are  actions  they 
could  take  to  reduce  emissions  and  consequently  the  external  costs  to  others  of  the 
damage  caused  by  the  emissions,  but  they  refrain  from  taking  these  actions  because  the 
private  benefits  are  less  than  the  costs  they  would  incur 

•  Those  responsible  for  a  particular  emissions  source  are  unaware  that  there  are  actions 
that  they  could  take  for  which  the  benefits  exceed  the  costs,  even  when  viewed  from 
their  private  perspective  (i.e.  there  exists  a  lack  of  information  or  knowledge  regarding 
possible  emissions  reduction  actions). 

In  practice,  there  may  be  a  combination -of  these  factors  inhibiting  the  performance  of  actions. 
This  suggests  three  different  types  of  policy  instruments  to  overcome  these  barriers.  Policy 
instruments  to  address  these  barriers  include: 

•  regulations  or  standards  requiring  the  performance  (or  avoidance)  of  particular  actions 
by  command  and  control  of  government; 

•  economic  instruments  (i.e.  taxes,  subsidies  or  tradeable  emissions  allowances)  to  provide 
incentives  for  actions  to  be  taken;  and 

•  information  measures,  where  government  undertakes  or  sponsors  the  production  and 
dissemination  of  information  to  promote  awareness  of  cost-effective  abatement  actions. 

Where  both  externalities  and  lack  of  information  inhibit  action,  measures  employing 
combinations  of  policy  instruments  may  be  needed. 

63.2  Criteria  for  evaluating  measures 

The  appropriateness  of  new  environmental  policy  measures  must  usually  be  assessed  against 
several  criteria.  One  such  set  of  criteria  is  outlined  in  Table  18.  These  are  broadly  consistent 
with  other  hsts  of  criteria  for  evaluating  measures  (see,  e.g.  OECD  1991). 
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Table  18     Summary  of  criteria  for  the  evaluation  of  measures 


1 

Criteria 

Issues 

Applicability 

jurisdiction 

administrative  means 

ease  of  monitoring  performance 

independently  adoptable 

Effectiveness 

potential  reduction  (t/a  of  NO,  or  VOC) 

potential  reduction  (%  targets) 

response  capacity 

enforceable 

Efficiency 

administrative  costs 

static  net  cost/t  of  NO,  or  VOC  reduced 

static  separable  cost/t  of  NO,  or  VOC  reduced 

dynamic  efficiency 

Equity 

polluter  pays  principle 

distribution  relative  to  status  quo 

allocation  of  joint  costs/benefits 

equal  costs  per  unit  of  contribution  to  tropospheric  ozone 

The  first  of  the  criteria  is  administrative  feasibility,  which  is  a  part  of  a  broader  criterion  of 
applicability,  including  the  level  of  jurisdiction  that  can  apply  the  measure  (i.e.  whether  the 
measure  is  within  federal,  provincial  or  provincial/municipal  jurisdiction). 

Second,  there  is  effectiveness  of  the  measure  in  achieving  an  environmental  objectives. 

The  third  of  the  criteria  is  the  economic  efficiency  of  the  measure.  Under  the  widest  definition 
of  economic  efficiency,  the  measure  "should  achieve  the  optimal  allocation  of  resources  -  both 
in  terms  of  the  amount  of  pollution  and  expenditure  on  avoiding  and  accommodating  pollution" 
(OECD  1991).  In  practice,  it  is  often  very  difficult  to  evaluate  the  benefits  of  avoiding 
pollution,  so  that  pollution  standards  are  established  without  precise  quantification  of  benefits. 
Then,  economic  efficiency  is  simplified  to  cost-effectiveness  in  meeting  given  environmental 
standards.  Broadly,  the  "costs"  in  the  cost-effectiveness  of  a  measure  could  include 
administrative  costs  as  well  as  direct  pollution  abatement  costs.  Since  the  administrative  costs 
of  measures  will  be  different,  the  order  of  measures  in  terms  of  cost  may  be  different  from  the 
order  of  actions.  For  example,  the  costs  of  mandating  emissions  standards  for  mobile  vehicles 
are  minimal  but  the  costs  of  an  inspection  and  maintenance  program  for  mobile  vehicles  are 
high.  As  such,  when  a  measure's  cost  is  added  to  the  action  costs  the  total  costs  will  not  only 
increase  but  may  also  affect  the  order  of  actions.  Therefore,  the  abatement  cost  curve  for 
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measures  will  have  higher  costs,  and  could  have  a  different  order  of  actions  than  the  abatement 
cost  curve  for  actions.  Nevertheless,  it  is  the  abatement  cost  curve  for  measures  rather  than 
actions  that  is  relevant  in  assessing  a  measure  on  the  basis  of  efficiency  from  a  policy  maker's 
perspective. 

The  last  of  the  criteria  is  equity.  Equity  can  be  broadly  conceived  to  include  acceptability, 
because  where  acceptability  is  challenged  it  is  usually  based  on  some  consideration  of  equity. 
Acceptability  may  also  relate  to  effectiveness  and  efficiency,  because  it  is  likely  to  affect  the 
degree  and  costs  of  compliance.  The  Polluter  Pays  Principle  (OECD  1975),  which  the  OECD 
has  recommended  on  the  basis  both  of  efficiency  and  equity,  is  also  applied  here  as  an  aspect 
of  equity.  The  Polluter  Pays  Principle  states  that  polluters  should  be  responsible  for  meeting 
environmental  standards  and  any  costs  that  they  incur  in  doing  so;  polluters  should  not  be 
subsidized  to  meet  environmental  standards. 

There  is  a  large  number  of  measures  that  are  potentially  applicable  to  each  source  and  action, 
including  economic  instruments  and  information  measures,  as  well  as  regulations.  It  is 
impractical  or  very  costly  to  monitor  either  NO,  or  VOC  emissions  directly.  Therefore,  policy 
measures  to  control  these  emissions  directly  are  usually  inapplicable. 

Accordingly,  it  may  be  necessary  to  base  policies  on  proxy  factors  (control  factors  which  effect 
the  level  of  emissions)  that  are  indicative  of  NO,  and  VOC  emissions.  The  rate  or  quantity  of 
emissions  from  an  anthropogenic  process  will  depend  on  the  following: 

•  the  types  and  quantities  of  inputs  and  outputs; 

•  the  technology  that  is  used; 

•  the  manner  of  operation  of  the  technology;  and 

•  the  situation  in  which  the  operation  occurs. 

Based  on  these  parameters,  a  range  of  possible  policy  instruments  that  are  intended  to  limit  or 
restrict  NO,  or  VOC  emissions  can  be  identified  (Table  19). 

Given  the  extensive  range  of  possible  measures  for  each  source,  it  is  desirable  to  specify  and 
assess  these  measures  qualitatively  according  to  the  evaluation  criteria  (Table  18).  This  will 
reduce  the  number  of  measures  to  be  considered  in  more  detail  to  a  few  for  each  source.  The 
advantage  of  this  approach  is  that  rather  than  undertaking  a  detailed  evaluation  of  all  measures 
only  those  for  each  emission  source  that  best  accord  qualitatively  with  the  criteria  are  evaluated. 

633     An  abatement  cost  curve  for  measures 

The  ultimate  aim  for  policy  makers  should  be  to  produce  an  abatement  cost  curve  for  measures, 
as  has  been  done  for  actions.  The  full  cost  of  achieving  the  reductions  includes  both  the  costs 
of  the  action  and  the  costs  of  implementing  and  administering  the  measure  to  induce  adoption 
of  the  action.  As  noted  above,  the  ordering  of  economic  attractiveness  of  individual  actions  may 
differ  when  the  administrative  costs  of  measures  are  included  since  some  actions  will  require 
measures  that  are  more  difficult  and  expensive  to  implement  than  others. 
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Table  19     Types  of  measures  applicable  by  control  factors 


1 

Economic 

Regulatory 

Information 

Parameter 

instruments 

measures 

measures 

Emissions 

charges  (per  unit) 
tradeable  permits 
non-compliance  fees 
performance  bonds 

Umits 

Inputs/Outputs 

charges  added  to 

restrictions  on  type 

promote  alternatives 

pnce 

restnctions  on  uses 

product  labelUng 

deposit-refund  system 

sunsetting  uses 

R&D:  new  products 

Technology 

charges 

standards 

promote  alternatives 

subsidies 

sunsetung 

product  labelUng 

tax  differentiation 

technologies 

R&D:  new 
technologies 

Operation 

tax  differentiation 

operating 

augment  training 

non-compliance  fees 

requirements 

research 

performance  bonds 

Situation 

tax  differentiation 

restrictions 

augment  training 

non-compliance  fees 

research 

performance  bonds 

To  this  end,  it  is  necessary  to  consider  the  component  costs  for  administering  some  of  the 
measures.  In  some  cases,  it  may  be  possible  to  say  whether  the  administrative  costs  of  a  measure 
are  likely  to  be  "large"  or  "small"  relative  to  the  costs  of  the  actions  to  comply  with  the 
measures.  Based  on  the  availability  of  this  information  a  provisional  least-cost  abatement  curve 
for  measures  may  be  constructed  from  the  abatement  cost  curve  for  actions  by  temporarily  taking 
out  the  actions  for  which  administrative  costs  are  relatively  large,  until  the  costs  of  these 
measures  (including  administrative  costs)  can  be  determined  more  precisely. 

Administrative  costs  are  likely  to  be  greatest  for  those  measures  that  apply  to  a  large  number 
of  sources  (motor  vehicles).  Administrative  costs  will  usually  be  relatively  small  for  industries 
(i.e.  surface  coatings,  petrochemical,  etc.),  especially  those  with  a  small  number  of  firms;  this 
is  the  case  for  many  of  the  VOC  actions.  The  acceptability  of  measures  is  also  likely  to  be 
greater  in  these  latter  cases. 
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The  benefits  of  reduced  ambient  levels  of  tropospheric  (ground-level)  ozone  include  (OMOE 
1992a): 

•  reductions  in  current  damages  and  health  effects; 

•  avoided  future  damages;  and 

•  enhanced  use  and  enjoyment  of  environmental  resources. 

OMOE  (1992a)  specifies  benefit  categories  to  include  sensitive  agricultural  crops,  ornamental 
crops,  tree  seedlings  from  niu-series,  corrosion  of  materials  and  human  health. 

The  benefits  of  environmental  protection  and  pollution  abatement  programs  are  quantified  as 
incremental  reductions  in  current  and  future  damages  and  deleterious  effects  of  pollution.  Except 
where  pollution  abatement  programs  are  100%  effective,  the  benefits  of  pollution  reduction  will 
be  less  than  the  total  damages  resulting  from  pollution. 
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The  benefit  estimation  process  is  comprised  of  the  following  steps  (OMOE  1992a): 

•  define  base  case  ambient  air  quality  scenarios; 

•  identify  benefit  and  effects  categories; 

•  enumerate  resources  and  populations  exposed  to  effects; 

•  define  dose-response  relationships  between  ambient  concentrations  and  effects; 

•  define  scenarios  of  changes  in  emissions  and  ambient  concentrations; 

•  calculate  changes  in  effects  according  to  defined  dose-response  relationships;  and 

•  using  results,  displayed  in  bio-physical  terms,  estimate  monetary  values  associated  with 
changes  in  effects  due  to  changes  in  emissions  and  ambient  concentrations. 

This  process,  applied  to  tropospheric  ozone,  is  shown  graphically  in  Figure  5. 


Figure  5      Estimating  the  benefits  of  policies  to  reduce  emissions  of  NO,  and  VOCs 


. 

Change  In  NOx 
emissions 

NOxn/ocs 

reduction 
policies 

Change  In 
ambleni  ozone 

levels 

Change  In  VOC 
emissions 
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7.1     Ozone  levels  in  Ontario 

The  Ontario  one-hour  ambient  air  quality  criterion  (AAQC)  for  ozone  is  80  parts  per  billion 
(ppb)."  However,  ozone  levels  on  summer  days  in  urban  areas  of  the  Southern  Ontario  corridor 
range  from  110  to  160  ppb  (OMOE  1992a). 

The  seven-hour  (0900  -  1600)  average  seasonal  (June  to  August)  limit  of  35  ppb  is  considered 
to  be  equivalent  to  the  one-hour  80  ppb  criterion  (OMOE  1992a).  Seven-hour  seasonal,  mean 
ozone  concentrations  in  southern  Ontario  have  been  recorded  as  high  as  60  ppb. 

Analysing  ozone  data  (collected  at  50  locations  throughout  Ontario)  the  Ontario  Ministry  of  the 
Environment  and  Energy  distinguishes  ozone  concentration  regions  according  to  their  ambient 
seasonal  seven-hour  mean  ozone  concentrations  (Table  20). 

Table  20     Ambient  ozone  concentration  regions  and  equivalent  1  hour  peak  levels 


1 

Seasonal  7-hour 

Equivalent  1-hour  peak 

Regions 

me^ns  (ppb) 

values  (ppb) 

Region  2 

20 

N/R* 

Region  3 

30 

N/R 

Region  4 

40 

120 

Region  5 

50 

190 

Region  6 

60 

210 

note: 

a  -  not  reported. 

SOURCE: 

OMOE  1992a. 

Each  region  represents  the  geographical  limits  within  which  the  specified  ambient  ozone  level 
is  recorded. 

The  Ontario  Ministry  of  the  Environment  (1992a)  has  estimated  benefits  of  oxidant  reductions 
based  on  the  "assumed  elimination  of  all  exceedences  of  the  1-hour  80  ppb  AAQC  throughout 
the  province  thereby  reducing  7-hoiir  seasonal  means  to  levels  below  the  crop  damage  threshold 
of  35  ppb." 


17      As  specified  in  Regulation  296  of  the  Ontario  Environmental  Protection  Act. 
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Rather  than  considering  the  benefits  of  a  reduction  of  oxidants  below  damage  thresholds,  we 
here  provide  a  preliminary  framework  for  assessing  the  potential  benefits  of  incremental 
reductions  in  oxidant  levels  as  a  consequence  of  reduced  emissions  of  nitrous  oxides  and  volatile 
organic  compounds.  For  this  task  it  is  necessary  to  estimate  elasticities  of  effect  (and  potential 
benefit)  for  each  of  the  main  damage  effects  (i.e.  on  human  health,  forests,  ornamental  crops  and 
field  crops),  with  respect  to  reductions  in  oxidant  levels,  and  ultimately,  with  respect  to  reduced 
emissions  of  NO,  and  VOCs.  In  this  chapter  elasticity  is  used  to  estimate  the  changes  in  human 
health,  forests  and  agriculture  from  a  change  in  ambient  ozone  concentration  levels  (Figure  5). 
Elasticities  are  often  presented  as  percentages.  For  example,  a  1%  increase  in  ozone 
concentration  raises  the  frequency  of  morbidity  (or  mortality)  in  a  population  by  x%.'* 

7.2    Economic  benefits 

Economic  benefits  are  those  benefits  which  have  an  economic  value  to  humans.  In  this  sense, 
reduced  emissions  of  ozone,  while  having  positive  effects  on  the  environment,  increasing  the 
productivity  of  naturally  occurring  plant  and  animal  species,  and  increasing  the  biotic  diversity 
and  stability  of  an  ecosystem,  are  not  considered  to  have  positive  benefits  until  humans  actually 
derive  economic  benefit  from  the  effects  of  the  emissions  reductions.  In  general,  such  benefits 
would  include  improved  scenic  value,  more  productive  (and  therefore  more  valuable)  crops,  and 
reduced  damage  to  health  and  materials. 

Economic  benefits  are  comprised  of: 

•  use  benefits,  and 

•  non-use,  or  preservation,  benefits. 

Use  benefits  represent  the  economic  value  gained  by  use  of  environmental  resources,  such  as 
the  value  of  agricultural  crops,  or  the  value  of  outdoor  recreation.  Preservation  values  are  those 
that  are  enjoyed  without  the  direct  use  of  environmental  resources. 

There  are  three  main  components  of  preservation  values: 

•  option  value, 

•  existence  value,  and 

•  bequest  value. 


18      A  more  formal  deflnition  of  an  elasticity  is  as  follows: 

If  y  is  a  dependent  variable  which  is  a  function  of  an  independent  variable  x,  the  elasticity  of  y 
with  respect  to  x  is  (Ay/y)/(Ax/x),  where  Ay  is  the  change  in  y  for  a  small  change  Ax  in  x;  the 
elasticity  is  denotated  here  as  5y/5x. 
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Option  value  is  the  value  derived  from  knowing  that  one  has  the  option  to  enjoy  environmental 
resources  (such  as  enhanced  quality),  even  if  there  is  no  present  desire  to  do  so.  It  is  usefully 
thought  of  as  a  "payment  of  a  kind  of  insurance  premium  to  retain  the  option  of  possible  future 
use"  (Walsh,  Loomis  and  Gillman  1984).  Existence  value  is  the  value  derived  from  knowing  that 
envirormiental  quality  is  enhanced  though  there  is  no  intention,  in  the  present  or  future,  to  enjoy 
it  in  person.  Bequest  value  is  the  value  of  being  able  to  pass  on  current  environmental  assets  to 
future  generations. 

The  total  economic  value  of  increased  environmental  quality,  or  reduced  pollution,  is  the  sum 
of  all  use  and  preservation  values.  The  object  of  this  component  of  the  study  is  to  characterize 
and  quantify,  where  possible,  the  economic  value  of  specified  components  of  the  total  economic 
value  of  reduced  emissions  of  NO,  and  VOCs.  These  benefit  categories  include: 

health  (morbidity  and  mortality); 

forests; 

ornamental  crops; 

field  crops; 

visibility;  and 

materials. 

Physical  quantifiers  for  each  of  these  benefits  categories  are  specified  in  section  7.4. 

7.3    Benefit  valuation  methodology 

There  are  several  valuation  methods  that  may  be  relevant  for  the  current  assessment.  An 
understanding  of  these  methods  allows  for  an  informed  appreciation  of  the  rehability  and 
limitations  of  the  results  of  each. 

Different  methods  are  appropriate  for  different  measures  of  benefits,  e.g.: 

•  reductions  in  current  damages  are  measured  by  observed  market  demand  and  market- 
determined  prices  (damages  to  crops,  vegetation  and  materials),  indirect  pricing  methods 
(cost  of  illness,  valuation  of  health  effects),  or  contingent  valuation  (willingness  to  pay 
to  reduce  health  effects); 

•  future  damages  avoided  are  measured  by  contingent  valuation  methods  (willingness  to 
pay  to  avoid  future  damages),  or  hedonic  pricing  methods  (based  on  real  estate  values); 

•  enhanced  use  and  enjoyment  of  environmental  resources  are  measured  by  contingent 
valuation  methods,  e.g.,  willingness  to  pay  for  environmental  quality  (or,  conversely, 
compensation  demanded  for  reduced  environmental  quality),  travel  cost  methods,  or 
hedonic  pricing  methods. 
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Estimating  the  net  economic  value  of  timber  or  field  crops  is  a  matter  of  estimating  the  net 
merchantable  quantity  of  timber  or  produce,  multiplying  by  the  market  prices  of  these 
commodities,  and  subtracting  the  costs  of  extraction,  processing  and  product  delivery.  This 
method  gives  a  good  approximation  when  the  change  of  supply  is  small  enough  that  prices  are 
not  much  affected;  otherwise,  the  implications  of  price  changes  for  value  also  need  to  be  taken 
into  account.  Similarly,  the  benefit  of  a  reduction  in  morbidity  or  mortality  is  the  reduction  in 
incidence  (number  of  cases)  multipUed  by  the  cost  of  each  incidence.  This  method  is  used  in  this 
study  to  estimate  the  benefits  of  reducing  tropospheric  ozone  in  Ontario. 

Estimating  the  economic  values  of  future  damage  avoidance,  non-consumptive  (enhanced)  use 
benefits  (such  as  forest  recreation  or  bird-watching),  as  well  as  preservation  values  and  reduced 
anxiety  regarding  environmental  quality,  is  not  simple  since  market  and  market  prices  reflecting 
the  value  of  these  uses  do  not  normally  exist.  The  benefit  estimation  framework  provided  here 
does  not  include  these  values  because  the  effects  of  oxidants  on  these  values  has  not  been 
quantified.  Nevertheless,  these  values  should  be  included  in  a  more  complete  framework. 
Methods  do  exist  for  estimating  non-consumptive  use  benefits  including:  the  travel  cost,  hedonic 
pricing,  and  contingent  valuation.  These  methods  are  discussed  briefly  below. 

7 J.l     Travel  cost  method 

The  travel  cost  method  (TCM)  is  based  on  the  observation  that  the  maximum  amount  a 
consumer  is  willing  to  pay  for  something  represents  the  benefit  he  expects  to  obtJiin  by 
consuming  it.  The  benefit  to  someone  of  visiting  a  forest  for  recreation,  for  example,  is  the 
maximum  cost  that  the  person  would  incur  for  the  visit. 

Since  the  cost  of  travelling  typically  increases  with  the  distance  travelled,  and  visitors  come  from 
different  places  and  travel  different  distances,  it  is  possible  to  observe  participation  rates  firom 
various  differences  and  estimate  the  relationship  between  participation  and  distance  tiavelled. 
If  the  population  within  concentric  distance  zones  is  known,  the  participation  rate  for  each 
distance  may  be  applied  to  estimate  total  expected  travel  expenditures. 

The  TCM  can  thus  be  used  to  construct  a  demand  function  based  on  the  number  of  visits  as  a 
function  of  the  "price"  of  a  visit  for  each  type  of  visit.  The  areas  under  these  demand  curves  (the 
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sum  of  the  consumer  surpluses  of  all  visitors)"  represents  the  total  recreational  use  benefit  of 
a  particular  site  in  terms  of  willingness  to  pay^°. 

The  TCM  captures  only  use  values.  It  does  not  capture  benefits  received  by  people  who  do  not 
use  a  particular  site  for  one  reason  or  another.  Therefore,  it  does  not  reflect  the  total  values  of 
environmental  amenities.^' 

73.2     Hedonic  pricing  method 

A  basic  premise  of  economic  valuation  is  that  individuals,  acting  rationally,  make  decisions  in 
their  own  best  interest,  ultimately  to  increase  their  own  well-being.  The  hedonic  pricing  method 
relies  on  this  assumption  by  observing  differences  in  the  value  of  goods  that  are  traded  in  a 
marketplace  that  represent,  or  whose  value  reflects,  non-market  values. 

By  observing  differences  in  house  prices,  the  hedonic  pricing  method  has  been  used  effectively 
to  demonstrate  the  social  cost  of  nuisances  such  as  airport  noise  and  factory  pollution.  It  is  less 
successful  where  a  relevant  market  does  not  exist.  The  hedonic  pricing  method,  like  the  TCM, 
does  not  measure  the  benefits  of  non-market  goods  to  those  who  are  not  willing,  for  one  reason 
or  another,  to  pay  the  full  price  difference  for  the  environmental  amenity. 


The  phrase  consumers'  surplus  was  coined  by  the  classical  economist,  Alfred  Marshall  (1890).  He 
defined  it  as  follows.  "The  price  which  a  person  pays  for  a  thing  can  never  exceed  and  seldom 
comes  up  to  that  which  he  would  be  willing  to  pay  rather  than  go  without  it:  so  that  the  satisfaction 
which  he  gets  from  its  purchase  generally  exceeds  that  which  he  gives  up  in  paying  away  its  price 
and  he  thus  derives  from  the  purchase  a  surplus  of  satisfaction.  The  excess  of  the  price  which  he 
would  be  willing  to  pay  rather  than  go  without  the  thing,  over  that  which  he  actually  does  pay,  is  the 
economic  measure  of  this  surplus  satisfaction." 

Although  in  theory,  willingness  to  pay  (WTP)  and  compensation  demanded  (CD)  are  equivalent 
measures,  in  practice,  wilhngness  to  pay  estimates  generally  fall  short  of  estimates  of  compensation 
demanded.  There  are  many  supposed  reasons  for  this  discrepancy,  although  the  most  basic  one  is 
explained  by  the  maxim  a  bird  in  the  hand  is  worth  two  in  the  bush.  It  seems  that  individuals 
demand  more  compensation  for  a  relative  decline  of  environmental  quahty  than  they  would  be 
wilUng  to  pay  for  an  eqviivalent  incremental  increase  of  environmental  quality.  Knowing  this,  it  is 
important  to  choose  the  appropriate  measure  (WTP  or  CD)  so  that  estimates  may  be  accurate. 

The  travel  cost  method  can  be  generalized  to  consider  costs  other  than  travel,  for  obtaining 
environmental  benefits  or  avoiding  environmental  harm.  This  generalized  method  is  called  the 
household  production  function  method  (Braden  and  Kolstad  1991). 
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733     Contingent  valuation  method 

The  contingent  valuation  method  (CVM)  values  non-market  commodities  according  to 
individuals'  expressed  willingness  to  pay  for  them,  or  the  compensation  demanded  in  order  for 
individuals  to  willingly  forego  them,  and  in  so  doing,  creates  an  artificial  or  hypothetical  market 
in  which  a  non-market  good  may  be  traded.  CVM  studies  obtain  data  from  interviews;  in  each 
interview,  an  individual's  willingness  to  pay  for  specified  options  or  alternatives  is  elicited. 
Conversely,  compensation  demanded  may  be  elicited,  representing  the  compensation  an 
individual  would  demand  in  order  to  relinquish  willingly  environmental  benefits  from  an  initial 
reference  level. 

CVM  is  useful  because  the  hypothetical  market  it  creates  is  not  limited  by  market  prices  or 
observable  market  behaviour.  It  is  especially  useful  to  estimate  the  value  of  non-use  benefits 
such  as  those  based  on  our  perceptions  of  the  value  of  avoided  damages  or  anxiety,  or  the 
benefits  of  perceived  improvements  in  environmental  quality.  As  a  hypothetical  market,  however, 
reported  willingness  to  pay  values  may  also  be  thought  to  be  hypothetical,  and  without  much 
basis  in  reality.  The  onus  is  clearly  on  the  surveyor,  therefore,  to  establish  a  realistic  context 
within  which  the  respondents  will  reveal  their  willingness  to  pay. 

73.4     Method  for  this  analysis 

For  this  study,  the  estimation  of  the  potential  benefits  of  reduced  oxidant  levels  relies  on  benefit 
measures  reported  in  existing  literature,  which  are  derived  from  the  above  methods  or 
approximations  of  them.  In  particular,  the  analysis  builds  on  the  results  of  previous  investigations 
undertaken  by  the  Ontario  Ministry  of  the  Environment.  The  emphasis  here  is  on  developing 
crude  monetary  estimates  of  benefits,  based  on  dose-response  relationships  for  physical  effects 
that  are  indicated  in  the  literature.  These  dose-response  relationships  and  monetary  estimates  of 
benefits  can  then  contribute  to  cost-benefit  analyses  of  policies  and  programs  for  reduction  of 
ground-level  ozone  formation. 

7.4     The  benefits  of  reduced  oxidant  levels 

The  benefits  of  reduced  exposure  to  ozone  levels  within  a  given  population  (i.e.  Ontario  or  the 
SOC)  can  be  expressed  as  a  total  value  function: 

B=E,Er^[F^O,)]  (1) 

where: 

•  B  is  the  sum  of  all  benefits  for  all  categories; 

•  V-  is  the  value  of  the/*  physical  effect  for  the  f''  benefit  category. 
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•  Fjj  is  a  function  relating  changes  in  ozone  levels  to  the  /*  physical  effect  for  the  /"" 
benefit  category,  i.e.,  dose-response  functions  for  each  benefit  category;  and 

•  6>,  is  the  change  in  ozone  levels  for  the  /""  benefit  category;^ 

This  function  summarizes  generic  data  requirements  for  the  estimation  of  the  total  value  of 
reduced  emissions  of  nitrous  oxides  and  volatile  organic  compounds: 

•  the  change  in  air  pollution  dose  (O,); 

•  the  physical  effects  of  that  change  (F,-,);  and 

•  the  value  of  the  changes  in  physical  effects  (Vj,). 
7.4.1     Health  benefits 

Morbidity 

Health  effects  due  to  concentrations  of  tropospheric  ozone  include  coughing,  chest  discomfort 
and  shortness  of  breath  (Knipnick  and  Kopp  1988).  Respiratory  effects  are  particularly  noted  in 
persons  suffering  from  respiratory  ailments  such  as  asthma,  and  in  normal  non-smoking  adults 
and  children  while  exercising.  For  normal  adults  and  children,  the  effects  of  ozone  exposure  are 
short-lived.  Health  effects  due  to  ozone  exposure  are  commonly  expressed  in  terms  of  minor 
respiratory-related  restricted  activity  days  (MRRADs). 

Several  studies  have  derived  elasticities  of  morbidity  with  respect  to  daily  one-hour  maximum 
ozone  levels.  Several  of  these  are  shown  in  Table  21.  A  recent  study  of  the  effects  of  ozone  on 
adults  in  the  South  Coast  Air  Basin  (in  and  around  Los  Angeles,  California)  developed  a  range 
of  elasticities  corresponding  to  different  symptoms  (Krupnick,  Harrington  and  Ostro  1990). 


22     The  development  of  the  methodology  below  assumes  that  benefits  are  a  function  of  changes  in 
average  one-hour  maximum  ambient  ozone  levels  for  Ontario  as  a  whole.  The  analysis  is  easily 
modified  to  account  for  spatial  disaggregation  of  ozone  levels  if  data  for  other  variables  is  available 
at  the  same  degree  of  disaggregation,  e.g.,  by  ambient  ozone  concentration  region,  coimty,  or  other 
spatial  subsets  of  the  province,  such  as  the  Southern  Ontario  Corridor. 
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Table  21      Ozone  elasticities  and  health  effects  on  adults  for  a  1%  reduction  in  ozone  in 
non-attainment  areas  in  the  United  States 


1 

Study 

Cohort 

Endpoint 

(days) 

Elasticity 

Mean 
frequency 

of 
endpoint* 

Mean 
ozone 
(ppb) 

Krupnick, 
Harrington  and 
Ostro  (1990) 

All 

Any 
symptom 

0.073 

0.19 

99 

Normal 

Any 
symptom 

0.065 

0.18 

99 

Normal, 
non-smokers 

Any 
symptom 

0.113 

0.21 

99 

Portney  and  Mullahy 
(1987) 

All 

MRRADs" 

0.382 

0.05 

43 

Schwartz, 
Hasselblad  and 
Pitcher  (1988) 

Normal 
(nurses) 

Cough 

0.057 

0.13 

101 

Normal 
(nurses) 

Eye 
irritation 

0.184 

0.10 

101 

NOTES:    a      Health  effect  reductions  in 

millions  of  days  per  year. 

b      MRRADs  —  minor  respiratory-related  restricted  activity  days.  Although  target 

populations  differ,  the  same  population  is  applied  to  each  study  for  comparability.  It 
is  assumed  that  76  milUon  adults  hve  in  nonattainment  areas  in  the  United  States. 

SOURCE:        Krupnick,  Harrington  and  Ostro  1990. 

The  relationship  between  ozone  levels  and  morbidity  (i.e.  the  effects  on  morbidity  of  changes 
in  ozone  levels)  is  given  by  the  following  equation  (Hall  et  al.  1989): 


bo 


(2) 


where: 


hMb  is  the  change  in  the  daily  incidence  of  morbidity,  e.g.,  number  of  MRRADs; 
hMb/bO  is  the  elasticity  of  morbidity  with  respect  to  one-hour  maximum  ozone  levels; 
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•  P  is  the  number  of  people  exposed  to  the  change  in  ozone  levels;  and 

•  AO  is  the  change  in  the  daily  one-hour  maximum  ozone  (expressed  as  a  percentage). 

The  value  individuals  place  on  reducing  adverse  health  effects  may  include  (Hall  et  al.  1989): 

•  medical  costs  and  work  loss  resulting  from  avoiding  or  responding  to  health  effects; 

•  discomfort  inconvenience  and  anxiety  resulting  from  health  effects  or  efforts  to  avoid 
them;  and 

•  impacts  on  others  as  a  result  of  the  adverse  effects  experienced. 

These  values  are  estimated  using  two  approaches:  cost-of-iUness  (COI),  and  willingness-to-pay 
(WTP).  The  COI  approach  is  based  on  the  number  of  days  of  work  lost  and  the  number  of 
premature  deaths,  the  dollar  value  of  lost  wages  and  related  medical  costs.  WTP  measures 
estimate  the  benefits  that  people  ascribe  to  being  able  to  avert  adverse  health  effects  and  their 
associated  discomfort  and  anxiety.  The  economic  values  of  various  health  effects  (estimated  by 
these  means)  are  shown  in  Table  22.  If  it  is  considered  that  people  already  have  the  right  to  be 
firee  firom  these  health  effects  rather  of  having  to  purchase  them,  then  compensation  demanded 
(CD)  is  the  appropriate  measure  of  value.  CD  can  often  be  several  times  greater  that  WTP 
(Knetsch  and  Sinden  1984). 

Mortality 

In  a  study  of  daily  mortality  counts  and  environmental  variables  in  Los  Angeles  County  for  the 
period  1970  to  1979,  Kinney  and  Ozkaynak  (1991)  found  that  there  was  a  significant  correlation 
between  the  variations  in  the  daily  number  of  deaths  and  average  one-hour  maximum  ozone 
levels  during  the  previous  day  (of  152  deaths  per  day  on  average  in  Lx)s  Angeles  County,  the 
correlation  coefficient  was  0.030  deaths  per  day  per  ppb)^.  Based  on  this  finding,  the  elasticity 
of  mortality  (mean=152)  for  a  change  in  total  oxidants  (mean  =  75  ppb)  is  about  0.015 
(0.030/152)71/75),  i.e.  a  1%  increase  in  ozone  concentration  raises  the  frequency  of  mortality  in 
the  population  by  about  0.015%.  In  a  similar  study  by  the  same  authors  (Kinney  and  Ozkaynak 
1992)  of  data  from  New  York  City,  where  the  correlation  coefficient  was  0.055  deaths  per  day 
per  ppb,  they  calculated  the  elasticity  of  daily  mortality  rates  (mean=163)  for  a  change  (1/56) 
in  average  one-hour  maximum  ambient  ozone  levels  (mean  =  56  ppb)  at  about  0.019. 

These  correlation  coefficients  (and  elasticities)  presented  above  are  based  on  the  most  significant 
estimates  between  the  daily  one-hour  maximum  level  of  O,  (total  oxidants)  and  mortality  at  lag 


The  maximum  daily  one-hour  average  level  of  total  oxidants  (O,)  was  chosen  because  it  corresponds 
to  current  ambient  air  standards  in  the  United  Sutes,  and  is  highly  correlated  with  multi-hour 
averages. 
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Table  22     Average  unit  values  for  symptoms  and  MRADs,  WTP-based  in  1992  Canadian 
dollars/restricted  activity  day 


1 

Symptom 

Low 

Mid 

High 

Cough" 

$2.02 

$6.05 

$17.47 

Headache" 

$3.70 

$10.08 

$27.56 

Eye  irritation' 

$3.70 

$8.74 

$20.16 

Throat" 

$4.70 

$10.08 

$21.17 

Chest" 

$4.37 

$9.41 

$20.16 

Symptom  day"" 

$4.53 

$9.07 

$18.13 

Astlmia  attack*" 

$16.32 

$45.33 

$74.34 

MRRAD" 

$18.15 

$28.90 

$47.05 

MRRAD" 

$19.95 

$32.64 

$55.31 

NOTE:            MRRAD  - 

Minor 

respiratory 

■related  restricted 

activity  day. 

SOURCES:       a  Hall  et  al  1989. 

b  Knipnick 

and  Kopp 

1988. 

7,  i.e.,  mortality  on  day  k  correlated  with  O,  on  day  k  minus  1.  The  lag  between  exposure  and 
effects,  with  effects  being  observed  during  the  days  subsequent  to  peak  ozone  levels,  was  also 
noticed  by  Bates  and  Sizto  (1989)  in  a  study  of  hospital  admissions  for  respiratory  diseases  in 
Southern  Ontario.  However,  Kinney  and  Ozkaynak  (1992)  introduce  the  question  of  whether  the 
pollution  effects  actually  bring  about  mortality,  or  merely  hasten,  by  a  day  or  two,  a  death  that 
would  have  occurred  naturally,  or  as  a  result  of  some  other  cause.  This  illustrates  the  need  for 
more  illness  and  age-specific  studies  relating  mortality  to  environmental  conditions. 

The  change  in  daily  mortality  for  a  change  in  daily  one-hour  maximum  ozone  levels  of  AO  per 
cent  is  expressed  by: 

AMr  =  -^  X  D.  X  AO  (3) 

bO         '' 

where: 
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•  AMt  is  the  change  in  the  number  of  deaths  due  to  a  change  in  ozone  levels; 

•  hMt/hO  is  the  elasticity  of  mortality  with  respect  to  one-hour  maximum  ozone  levels 
(ppb); 

•  Drf  is  the  daily  number  of  total  deaths  not  due  to  accidents  or  violence;  and 

•  AO  is  the  change  in  ozone  levels  (expressed  as  a  percentage)^'*. 

Hall  et  al.  (1989)  review  estimates  of  the  value  of  averted  death.  Reported  values  supported  by 
defensible  empirical  work  range  from  $2.9  million  to  $11.6  million  with  a  mid-point  of  $6.9 
million  per  averted  death. 

The  health  effects  benefits  function  (including  morbidity  and  mortality)  is  given  by: 

^Bm,Mt  =  ii^Vm  ^  -^)  ^  ^  ^  «^A.,  X  ^)  X  D,)]  X  AO  (4) 

where: 

^sa.  Ml  is  the  benefits  related  to  morbidity  and  mortality; 

V^  is  the  dollar  value  of  health  effects,  e.g.,  the  value  of  an  MRRAD  (i.e.,  $18.15  to 
$55.31); 

SMb/50  is  the  elasticity  of  an  MRRAD  with  respect  to  ozone  levels  (i.e.,  0.073  to 
0.113); 

P  is  the  number  of  people  exposed  to  the  change  in  ozone  levels; 

V^,  is  the  dollar  value  of  an  averted  death  (i.e.,  $2.9  to  $1 1.6  million); 

hMt/hO  is  the  elasticity  of  mortality  with  respect  to  ozone  levels  (i.e.,  0.015  to  0.019); 

Dj  is  the  daily  number  of  deaths  in  Ontario  not  due  to  accidents  or  violence;  and 

AO  is  the  change  in  ozone  levels  (expressed  as  a  percentage). 

Substituting  in  Equation  (4),  and  selecting  the  mid-points  of  the  ranges  identified  above,  yields 
Equation  (5): 


24      This  corresponds  to  the  data  definitions  used  by  Kinney  and  Ozkaynak  (1991). 
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LB^  Mr  =  [(($30.77  X  0.00093)  x  F)  +  (($6900000  x  0.00017)  ^gj 

X  D^]  X  AO 

which  simplifies  to: 

^^MbM,  =  [($0.0286  X  P)  +  ($1173  X  D^]  X  AO  (6) 

Therefore,  for  each  1  %  reduction  in  the  daily  average  one-hour  maximum  ozone  level,  the  health 
benefits  are  $0.0286  per  day  per  person  exposed  to  a  change  in  ozone  levels,  and  $1  173  times 
the  daily  mortality  rate  {not  due  to  accidents  or  violence). 

For  example,  the  total  health  benefits  of  a  1  %  reduction  in  ozone  levels  can  be  illustrated  with 
the  following  assumptions: 

i)  the  population  in  ambient  ozone  concentration  region  4  is  5  870  146; 

ii)  region  4  is  exposed  to  average  one-hour  maximum  ozone  levels  exceeding  80  ppb  15% 

of  the  time  (54  days  out  of  365); 

iii)         the  population  in  region  5  is  2  645  546; 

iv)         region  5  is  exposed  to  average  one-hour  maximum  ozone  levels  exceeding  80  ppb  20% 
of  the  time  (73  out  of  365  days);  so 

v)  the  aimual  number  of  person-days  of  exposure  in  regions  4  and  5  is  510  112  742 

(i.e.  [5  870  146  x  54]  +  [2  645  546  x  73]). 

If  we  assume  further: 

vi)         the   annual  number   of  deaths   in   Ontario   not  due   to   accidents   or   violence   is 
approximately  60,000;  and 

vii)        85%  of  Ontario's  population  live  in  Southern  Ontario  where  they  are  exposed  to  average 
one-hour  maximum  ozone  levels  exceeding  80  ppb  (60,000  x  0.85  =  51,000);  then, 

using  Equation  (6)  the  health  benefits  of  a  1  %  reduction  in  average  one-hour  maximum  ozone 
levels  is: 

($0.0286  X  510,112,742)  +  ($1,173  x  51,000) 
or,         $14.59  million  +  $59.82  million 
or,         $74.41  million  morbidity  and  mortality  benefits  (respectively )/a. 

The  assumptions  used  in  the  example  above  are  obviously  crude,  and  used  for  illustrative 
purposes  only. 
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The  elasticities  in  Ontario  are  probably  lower  than  those  in  Los  Angeles  and  New  York,  because 
ambient  ozone  levels  are  generally  lower.  To  derive  elasticities  for  Ontario,  it  would  be 
necessary  to  conduct  the  same  statistical  analysis  as  that  performed  by  Kiimey  and  Ozkaynak 
for  Los  Angeles  and  New  York  with  Ontario  data. 

7.4^     Forest  beneGts 

A  recent  Ontario  Ministry  of  the  Environment  study  (OMOE  1992a)  reports  that  "...  dose- 
response  relationships  between  ambient  ozone  concentrations  and  yield  effects  on  commercially 
important  mature  tree  species  and  forest  stands  have  not  been  developed....  Consequently,  the 
potential  benefit  of  oxidant  reductions  in  terms  of  increased  forest  productivity  in  Ontario  is 
uncertain." 

However,  effects  of  ozone  on  ponderosa  and  Jeffrey  pine,  and  black  oak  have  been  studied 
qualitatively  by  Miller  et  al.  (1982  in  Rowe  et  al.  1986).  In  addition  to  reduced  growth  and  yield 
of  tree  species,  Miller  reported  widespread  changes  in  a  number  of  fundamental  forest  ecosystem 
processes  as  a  result  of  ozone  exposure.  These  physical  effects,  their  effects  on  the  services 
provided  by  forests,  and  associated  impact  on  values  are  shown  in  Table  23. 


Table  23     Ozone  impacts  on  forest  ecosystems 


1 

Physical  effect 

Affected  service 

Value 

Reduced  growth  of 

Commercial  timber 

Present  and  future  timber 

commercially  valuable  tree 

values 

species 

Reduced  growth  of  non- 

Forest trees  and  understorey 

Recreation  use,  aesthetic. 

commercial  or  non-productive 

option,  and  preservation 

tree  species 

values 

Increased  mortality  and 

Commercial  timber  and  forest 

Present  and  future  losses  not 

predisposition  to  pathogen 

trees  and  understorey 

captured  through  expression 

invasion  of  tree  species 

of  growth  reductions 

suffering  reduced  vigour  and 

growth 

Alteration  in  other  ecosystem 

Ecosystem  diversity,  animal 

Use  and  non-use  values 

processes  and  functions, 

habitat  provision,  watershed 

including  risk  reduction  and 

including  reproduction, 

protecuon 

water  use 

succession,  water  allocation 

and  purification,  and  habitat 

provision 

SOURCE:         Rowe  et  cl.  1986. 
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Rowe  et  al.  (1986)  suggested  that  "because  widespread  changes  have  occurred  to  forested 
ecosystems,  [they]  believe  that  there  are  possibly  substantial  economic  damages  ...  [that  they  did 
not  estimate]." 

7.4  J     Ornamental  crop  benefits 

Ornamental  crops  included  in  the  analysis  include  Christmas  trees,  turf  and  ornamental  evergreen 
and  deciduous  trees  and  shrubs,  including  nursery  stock  for  commercial  timber  planting. 

Based  on  available  evidence  (OMOE  1992a),  it  has  been  estimated  that  ornamental  plant 
production  could  increase  by  2%  to  7%  per  year  if  seven-hour  ozone  concentrations  were 
reduced  from  40  or  50  ppb  to  30  ppb  or  less  (OMOE  1992a).  Productivity  increase  factors  for 
ornamental  crops  are  shown  in  Table  24. 

Thus  in  Region  4,  where  the  7-hour  seasonal  mean  is  50  ppb,  the  expected  increase  in 
ornamental  crop  productivity  with  respect  to  a  change  in  ambient  ozone  concentration  is  in  the 
range  of  0.0010%  to  0.0023%  per  ppb/a.  In  Region  5,  the  expected  change  ranges  from  0.0007% 
to  0.0018%/a.  A  literal  interpretation  of  Pearson  (1989),  as  shown  in  Table  24,  indicates  a 
declining  marginal  change  in  productivity  as  ambient  ozone  levels  increase.  This  is  inconsistent 
with  a  priori  expectations  that  plants  would  be  more  resistant  to  ozone  at  lower  ambient  levels, 
and  more  sensitive  at  higher  levels.  Therefore,  these  results  should  be  interpreted  cautiously,  as 
a  range  of  possible  changes  in  productivity  from  0.0007%  to  0.0023%. 
Table  24  Expected  changes  in  ornamental  crop  productivity  as  a  result  of  reducing  ambient 
ozone  concentrations  to  30  ppb  or  less 


1 

Region 

4 
5 

- 

Seasonal  7-hour  mean     ~ 
(ppb) 

40 

50 

Productivity  change  (%) 

Low                         High 

0.0010                     0.0023 
0.0007                      0.0018 

SOURCE: 

Pearson  1989. 

OMOE  (1992a)  assumed  that  "total  revenues  for  [ornamental  crops]  would  grow  in  direct 
proportion  to  increases  in  production  ..."  i.e.,  that  prices  and  costs  remain  constant  over  the  range 
of  changes  in  ornamental  crops  productivity  with  respect  to  changes  in  ambient  ozone 
concentration. 

Adopting  the  same  assumption,  the  ornamental  crops  benefit  function  is  expressed  by: 
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^Ornamental  crop  benefits  =  — -  x  R.  x  AO  ^7) 

AO         ' 


where: 


•  ^Ornamental  crop  benefits  is  the  change  in  the  ornamental  crop  benefits  due  to  a 
change  in  ambient  ozone  concentration  levels; 

•  AP/AO  is  the  change  in  the  productivity  factor  for  the  /'*  ornamental  crop  arising  from 
a  change  in  ambient  ozone  concentration; 

•  jR,  is  the  revenues  of  the  i""  ornamental  crop,  i.e.,  Christmas  trees,  tree  seedlings,  turf 
grass  and  other  trees  grown  by  nurseries; 

•  AO  is  the  change  in  ambient  ozone  concentration  levels  in  ppb. 
7.4.4     Field  crop  benefits 

The  following  field  crops  are  included  in  the  analysis: 

•  dry  beans 

•  potato 

•  cucumber 

•  onion 

•  hay 

•  tumip/mtabaga 

•  melon 

Pearson  (1989)  estimates  percent  crop  yield  loss  for  these  crops.  Knowing  percent  loss  and 
current  yield,  production  increase  factors  reflecting  potential  productivity  at  lower  ozone  levels 
were  estimated  according  to  the  following  formula  (Linzon  et  al.  1984): 

P^  X  %Loss, 

AP,  =  — ^ '-  (8) 

•       100%  -  %Loss. 

where  (Pearson  1989): 

•  AP,  is  the  production  increase  factor  for  the  /'*  crop; 

•  P„  is  current  production  for  the  /'''  crop;  and 

•  %LosSi  is  observed  production  loss  for  the  /'''  crop  for  each  increment  of  higher  ambient 
ozone  levels. 
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•  winter  wheat 

•  tomato 

•  soybean 

•  grapes 

•  spinach 

•  sweet  com 

•  squash 

•  cucumber 

•  green  and  snap  beans 

•  squash 

•     flue-cured 

and 

burley 

•  beets 

tobacco 

•  pumpkin 
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Using  this  formula,  Pearson  (1989)  calculates  production  increase  factors  for  each  of  19  ozone- 
sensitive  crops  for  ambient  ozone  regions  which  exceed  7-hour  seasonal  means  of  35  ppb,  i.e., 
with  incremental  increases  in  ozone  concentration  of  10  ppb  7-hdur  seasonal  means  in  regions 
4  and  5.  Equivalent  one-hour  maximum  concentrations  corresponding  to  these  increments  are 
120  ppb  and  190  ppb  respectively.  Production  increase  factors  reported  in  OMOE  (1992a)  for 
10  ppb  increments  in  7-hour  seasonal  means  should  be  converted  to  be  based  on  changes  in  the 
same  statistic  of  ozone  concentrations  as  other  dose-response  functions,  i.e.,  as  functions  of  1 
ppb  changes  in  1-hour  maximum  concentrations. 

Applying  these  adjusted  factors  to  the  value  and  volume  of  production  in  each  region  yields  the 
total  potential  benefit  (increase  in  field  crop  productivity  and  yield)  as  a  result  of  reduced 
oxidant  levels.  This  function  is  given  by: 

AP, 
AField  crop  benefits  =E,  ( — ■  x  K.  x  m  x  AO  (9) 

AO 


where: 

•  AField  crop  benefits  is  the  change  in  the  field  crop  benefits  due  to  a  change  in  ambient 
ozone  concentration  levels; 

•  AP/AO  is  the  change  in  the  productivity  factor  for  the  /'*  agricultural  crop  arising  from 
a  change  in  ambient  ozone  concentration; 

•  Vj  is  the  current  volume  of  the  f""  crop; 

•  n,-  is  the  current  price  of  the  f*  crop;  and 

•  AO  is  the  change  in  ambient  ozone  concentration  levels  in  ppb. 

7.4,5     Visibility  benefits 

NO,  and  VOC  contribute  to  the  formation  of  photochemical  smog,  which  impairs  visibility. 
Willingness  to  pay  for  improved  visibility  was  estimated  based  on  observed  differences  in 
housing  prices  in  Los  Angeles  and  San  Francisco  (Trijonis  et  al.  1985,  cited  in  SCAQMD  1991). 
Unfortunately,  without  more  detailed  knowledge  of  the  data  used,  and  the  parameters  of  this 
estimation,  it  is  not  possible  to  generalize  to  the  Ontario  case.  It  is  likely  that  there  is  a  high 
degree  of  correlation  among  air  pollution  parameters,  i.e.,  where  high  ozone  levels  are  recorded, 
other  pollutants  that  contribute  to  smog  are  also  likely  to  occur.  Without  further  empirical 
research  it  is  difficult  to  isolate  the  contribution  of  ozone  formation  to  reduced  visibility  in 
Ontario. 
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7.4.6     Materials  benefits 

Ozone  and  other  oxidants  can  cause  damage  (cracking  and  weakening)  to  plastics  and  other 
elastomers,  such  as  rubber.  Rowe  et  al.  (1986)  estimated  of  materials  benefits  of  improved  air 
quality  (reduced  levels  of  ozone  and  total  oxidants)  using  a  damage  function  relating  annual 
average  ozone  concentrations  and  tire  damage.  These  damages  are  also  associated  with  sunlight, 
moisture,  temperature,  mildew  and  water. 

Estimates  of  these  damages  could  be  made  based  on  a  materials  inventory  for  plastics  and 
elastomers,  e.g.,  tires,  for  Ontario.  The  difficulty  of  compiling  such  an  inventory,  and  the 
uncertainty  associated  with  resulting  estimates  in  any  case,  precludes  the  estimation  of  materials 
benefits  in  the  present  study. 

7.5     Summary 

The  total  value  function  (i.e.  Equation  (1))  for  health  benefits  (Equation  (4)),  ornamental  crop 
(Equation  (7))  and  field  crop  benefits  (Equation  (9))  is  given  by: 


where: 

^Toui  is  total  benefits  from  a  change  in  ambient  ozone  concentration  levels; 

Bun  is  morbidity  benefits  per  day  per  percentage  change  in  ozone  levels; 

Bm,  is  mortality  benefits  per  day  per  percentage  change  in  ozone  levels; 

Bq  is  ornamental  crop  benefits  per  day  per  ppb  change  in  ozone  levels; 

B^  is  agricultural  crop  benefits  per  day  per  ppb  change  in  ozone  levels; 

AOf^j  is  the  change  in  ozone  levels  expressed  as  a  percentage: 

AO(^s)  is  the  change  in  ozone  levels  expressed  in  ppb. 
The  component  benefit  equations  are  shown  in  Equations  (11)  through  (14). 


(10) 
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6M. 

^*        60 


*Mb         '  M^ 


(11) 


AB„,  =  F„  X  --^  X  D^  <12) 


'Mf         '  M, 


bO 


AB^  =  AF    X  R,  (13) 


AB^  =E^  AP^    X  K^  X  n^  (14) 


As  noted  earlier,  the  development  of  the  benefits  assessment  methodology  assumes  that  benefits 
are  a  function  of  changes  in  average  one-hour  maximum  ambient  ozone  levels  for  Ontario  as 
a  whole.  This  analysis  is  easily  modified  to  account  for  spatial  disaggregation  of  ozone  levels, 
if  data  for  other  variables  is  available  at  the  same  degree  of  disaggregation,  e.g.,  by  ambient 
ozone  concentration  region,  county,  or  other  spatial  subsets  of  the  province,  such  as  the  SOC. 

If  we  assume,  following  OMOE  (1992a),  that  Southern  Ontario  is  divided  into  regions  of 
ambient  ozone  concentrations  corresponding  to  10  ppb  increments  of  seasonal  seven-hour  mean 
ozone  concentrations,  and  that  over  time,  these  regions  have  relatively  constant  geographic 
boundaries,  then  it  is  possible  to  allocate  the  population  of  Southern  Ontario  by  ozone 
concentration  region.  Without  this  simplifying  assumption,  it  is  necessary  to  map  the  changing 
boundaries  of  each  region  against  changing  populations  over  time. 

Data  necessary  for  a  comprehensive  assessment  of  the  benefits  of  reduced  levels  of  ambient 
ozone  concentration,  according  to  the  methodology  outlined  above,  include  (for  each  spatial  unit 
of  analysis): 

•  the  population; 

•  the  number  of  daily  deaths  not  due  to  accidents  or  violence; 
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•  the  revenues  of  ornamental  crop  growers; 

•  the  volumes  and  prices  of  each  field  crop;  and 

•  the  change  in  ozone  levels  expressed  both  as  a  percentage  and  an  absolute  change. 

In  addition,  the  model  as  outlined  above  is  easily  modified  to  account  for  updated  elasticities 
of  physical  effects  with  respect  to  ozone  concentration  levels;  production  increase  factors  as  a 
result  of  reduced  ozone  concentration  levels;  and  economic  values  of  health  effects,  ornamental 
crops  and  field  crops. 
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Conclusions 


This  study  has  provided  the  essential  economic  information  for  assessing  the  costs  and  benefits 
of  measures  to  reduce  NO,  and  VOC  emissions.  The  elements  are  summarized  by  the  least-cost 
curves  for  NO,  and  VOC  emissions  reductions  (Figure  2,  Figure  3  and  Figure  4)  and  the 
framework  for  assessing  the  benefits  of  reductions  in  ground-level  ozone  concentrations 
(Chapter  7). 

The  results  on  abatement  actions  indicate  that  total  emissions  of  NO,  can  be  reduced  by  roughly 
25%  and  total  emissions  of  VOCs  can  be  reduced  by  over  50%  irom  the  sources  considered  in 
the  study.  It  is  possible  that  greater  reductions  could  be  achieved  at  lower  cost  by  considering 
other  actions  that  are,  or  might  become,  feasible. 

The  benefits  assessment  framework  provided  here  is  comprehensive,  but  could  be  refined  with 
the  collection,  analysis  and  application  of  information  and  data  that  is  specific  to  Ontario.  There 
are  also  benefits  categories  within  the  firamework  (e.g.  forests  and  visibility)  which  requires 
quantitative  analysis. 

The  main  missing  link  for  completing  a  Cost-benefit  analysis  of  the  Strategy  Options  is  an 
assessment  of  the  effects  of  each  of  the  Strategy  Options  on  ground-level  ozone  concentrations 
in  Ontario  (under  alternative  assumptions  about  transborder  flows  of  NO,,  VOCs  and  ozone  from 
outside  of  Ontario).  Such  an  assessment  requires  application  of  an  atmospheric  model,  such  as 
the  Acid  Dep>osition  and  Oxidant  Model  (ADOM),  maintained  by  OMEE. 

Beyond  cost-benefit  analysis,  a  broader  policy  analysis  would  include  an  assessment  of  the 
Strategy  Options,  including  the  means  of  implementing  them  (e.g.  regulations,  economic 
instruments,  voluntary  programs,  etc.).  This  assessment  would  consider  not  only  the  magnitudes 


hiCKUNG 


CONCLUSIONS  92 


of  costs,  but  also  the  other  criteria  discussed  in  section  6.3.  Before  conducting  this  assessment, 
however,  it  would  be  necessary  to  specify  more  precisely  the  Strategy  Options  to  be  assessed, 
including  alternative  means  of  implementation.  These  next  steps  need  to  be  determined  by 
OMEE  after  review  of  the  new  information  provided  here. 
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APPENDIX  A:  CENSUS  REGIONS  IN  THE  SOUTHERN  ONTARIO  CORRIDOR 


A-1 


Table  A-1  Census  regions  in  the  Southern  Ontario  Corridor 

Census 
division 

County 
name(s) 

Census 
division 

County 
name(s) 

Census 
division 

County 
name(s) 

I 

Stormont,  Dundas 
and  Glengarry 

15 

Peterborough 

29 

Brant 

2 

Prescott  and 
Russell 

16 

Victoria 

30 

Waterloo 

6 

Ottawa-Carleton 

regional 

municipality 

18 

Durham 

31 

Perth 

7 

Leeds  and 
Grenville 

19 

York 

32 

Oxford 

9 

Lanark 

20 

Toronto 

metropolitan 

municipality 

34 

Elgin 

10 

Frontenac 

21 

Peel  regional 
municipality 

36 

Kent 

11 

Lennox  and 
Addington 

23 

Wellington  county 

37 

Essex 

12 

Hastings 

24 

Halton  regional 
municipality 

38 

Lambton 

13 

Prince  Edward 

25 

Hamilton- 
Wentworth 

39 

Middlesex 

14 

Northumberland 

26 
28 

Niagara 

Haldimond- 
Norfolk 
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APPENDIX  B:  RELEVANT  NATIONAL  NOxA^OCS  MANAGEMENT  INmATIVES 


B-1 


Table  B-1    Summary  of  CCME  initiatives  relating  to  each  source  category* 


Source 
category 

Boilers 


General 
solvents 


Dry 
cleaning 


Paints  and 
coatings 


Initiative 

N306/N603  -  new  source  performance 
standards  for  commercial/industrial 
boilers 

N602  -  electric  utilities 

V104-emission  reduction  plan 

V202-public  education 

V302-new  source  performance 
standards 

V606-retrofit  tanks  to  BACTEA  level 
in  WQC 


V310-new  source  performance 
standards 

V615-retrofit  cleaners  in  WQC  to 
BACTEA  level 

VI 01-  program  to  reduce  VOC 
emissions  from  consumer  surface 
coating  application 


V307-new  source  performance 
standards  for  commercial  industrial 
coating  application  facilities 


Types  of  sources  affected 

-boilers:  industrial,  commercial, 

residential 

-process  heaters:  industrial 

-boilers:  utilities 

-all  major  users  of  "solvents 

-all  major  users  of  solvents 

-solvent  storage  tanks  in 
petroleum  refining  and  organic 
chemical  manufacture  sectors 

-small  tanks  with  highly  volatile 

liquids 

-larger  tanks  with  moderately 

volatile  liquids. 

-dry  cleaners 

-dry  cleaners 

stationary  area  sources  of 

emissions  from: 

-paints 

-enamels 

-varnishes 

-lacquers 

-as  in  cell  below 
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B-2 


Table  B-1    Summary  of  CCME  initiatives  relating  to  each  source  category* 


Source 

Initiative 

Types  of  sources  affected 

category 

V612-new  soiu^ce  performance 

.    Industrial  coating  applications  for 

standards 

the  manufacture  of: 

-cars 

-household  appliances 

-furniture 

-farm  machinery 

-building  materials 

-fabrics. 

Printing  V308-new  source  performance 

standards 


V613-retrofit  of  rotogravure  and 
flexography  printers  in  WQC  to 
BACTEA 

Degreasing      V309-new  source  performance 
standards 


V614-retrofit  existing  commercial  - 
industrial  degreasing  operations  in 
WQC 

V303-  NSPS  for  process  emissions 

V602-reduction  in  gasoline  volatility  in 
WQC 

V663-vapour  balancing  and  recovery 
at  gasoline  storage  and  transfer  depots 


Vapour 
recovery 


Commercial  coating: 
-car  paint  shops 
-furniture  repair  shops. 

-mostly  affects  rotogravure 
printing  and  flexography  printing 
processes 

-rotogravure  and  flexography 
printers 

-manufacture  of  metal,  plastic 
glass  items 

-applies  only  to  larger 
manufacturing  units  where 
centralized  add-on  controls  can  be 
retrofitted 

-organic  chemical  plants 


-bulk  and  marketing  terminals 

(service  stations)  for  gasoline 

-affects  both  new  and  existing 

facilities 

-refers  to  stage  1  (area  sector  101) 

controls 
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B-3 


Table  B-1    Summary  of  CCME  initiatives  relating  to  each  source  category^ 


Source 
category 


Initiative 

V604-gasoline  delivery  vapour 
balancing  at  service  stations 


V605-vehicle  refuelling  vapour 
balancing  at  service  stations 


V606-retrofit  storage  tanks  in  WQC  to 
BACTEA 


V607-develop  fugitive  emission 
inventories  and  leak  reduction 
programs 

V608-retrofit  to  BACTEA  level 


V609-develop  fugitive  emission 
inventories  and  leak  reduction 
programs 


Types  of  sources  affected 

-affects  new  and  existing  service 

stations 

-only  WQC  affected  by  retrofit 

requirements 

-refers  to  stage  1  (area  sector  101) 

controls 

-affects  new  and  existing  service 

stations 

-refers  to  stage  2  controls  (area 

sector  102) 

-some  thought  being  given  to 

using  control  systems  on  board 

motor  vehicles  (stage  3-area  sector 

103),  however  this  is  not 

recommended  by  CCME  (see  page 

121) 

-affects  petroleum  refining  sector 
tanks  and  organic  chemical 
industry  sector  tanks  (area  sector 
101) 

-petroleum  refineries  in  WQC 


-existing  organic  chemical  plants 
-parallels  initiative  V303  for  new 
chemical  plants 

-exiting  organic  chemical  plants 


SOURCE:      CCME  1990d. 

NOTE:  a     -  As  defined  in  the  CCME  Management  Plan  (CCME  1990d). 
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APPENDIX  C:  METHODS  FOR  NO,  AND  VOCS  EMISSIONS  FORECASTS  AND  SUMMARIES  C-1 


Two  databases  provide  NO,  and  VOCs  emissions  data  in  Ontario  (OMOE  1992b).  The  first 
database  provides  emissions  estimates  from  individual  stacks  (stationary  point  sources  resolved 
by  Latitude  and  Longitude)  and  the  second  provides  emissions  from  area  sources  (stationary  area 
sources  and  mobile  sources  resolved  by  Universal  Transverse  Mercator-UTM  grids). 

Sources  of  emissions  in  the  point  source  database  were  aggregated  by  two  different  source 
categories: 

•  Source  Category  Code  (SCC).  The  SCC  is  a  process  description  code.  It  along  with  it's 
accompanying  SCC  description  field  are  used  to  aggregate  emissions  into  totals  by 
source  types  (eg.  solvents,  vapour,  boilers,  etc.). 

•  Standard  Industrial  Classification  (SIC).  Sectors  were  aggregated  using  the  SIC  codes 
to  provide  emissions  totals  by  industry  sector  for  boilers  and   residual  sources'. 

CI     Methodology  for  aggregation  by  SCC 

The  steps  taken  to  produce  the  summary  tables  are  listed  below: 

•  Resolve  the  point  database  into  emissions  resulting  from  sources  in  the  Southern  Ontario 
Corridor  (SOC)  section  of  the  WQC  and  from  sources  outside  of  the  SOC  using  a 
geographic  information  system  (GIS).  The  spatial  disaggregation  required  overlaying  the 
WQC  definition  layer  over  the  point  source  layer. 

•  Resolve  the  area  database  into  emissions  resulting  from  sources  in  the  SOC  and  from 
sources  outside  of  the  SOC  using  the  GIS.  This  was  achieved  by  plotting  the  southwest 
coordinate  for  each  cell  and  overlaying  the  WQC  definition  layer  over  these  points.  Any 
cell  with  greater  than  50%  of  it's  area  in  the  SOC  was  included  in  the  resulting 
database. 

•  Attach  a  source  identifier  field  to  the  point  source  database.  This  required: 

1.  Sorting  the  point  source  database  and  defining  SCCs  and  SCC  descriptions  by 
SCC  code.  A  database  program  was  written  to  identify  the  range  of  SCC  codes 
that  describe  a  selected  source  type  or  activity.  The  selection  was  based  on 
matches  for  substrings  in  the  SCC  description  field  (for  instance  the  SCC  codes 
for  records  with  EXTCOMB..  BOILER.,  etc  (see.  Table  C-1).  were  identified 
and  a  source  descriptor  (in  this  case,  "BOILER")  was  added  to  the  record  in  a 


"Residual"  sources  refer  to  all  sources  other  than  boilers,  Ontario  Hydro,  solvents,  degreasing,  dry 
cleaning,  paints  and  coatings,  printing  and  vapour. 
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separate  field)^.  All  records  that  did  not  meet  the  selection  criteria  were 
allocated  to  "residual"  sources. 

2.       Based  on  the  source  descriptor,  total  NO,  and  VOCs  are  calculated  by  point 
source. 

Attach  a  source  identifier  field  to  the  area  database.  This  involved  writing  a  source 
descriptor  into  a  separate  field  based  on  the  area  Sector  Code  (SC)  in  the  area  database. 
The  definition  used  are  listed  below. 

Solvents  include  SCs:  110,  111,  131,  133  and  138 

Dry  cleaning  include  SC:  105 

Paints  and  Coatings  include  SCs:  106  to  108  and  136 

Printing  include  SC:  109 

Degreasing  include  SC:  104 

Vapour  include  SCs:  101  to  103 

•  Based  on  the  source  descriptor  total  NO,  and  VOCs  emissions  within  the  WQC  and  all 

of  Ontario  are  calculated  as  the  sum  of  point  and  area  sources  within  each  sector. 

C2     Stationary  source  growth  factors 

The  work  above  defined  the  "base  case".  To  estimate  projected  emissions  of  NO,  and  VOCs, 
growth  factors  are  applied  to  the  base  case  quantities. 

Growth  factors  applied  by  SIC  are  calculated  from  Informetrica  Limited  projections  -  Ontario 
Gross  Domestic  Product  by  Industry,  September  1992'.  The  growth  factors  for  area  sources  are 
based  on  CCME  (1990d). 

Informetrica  (1992)  data  are  limited  to  GDP  by  SIC  by  year  (1978-2005).  The  per  cent  change 
in  GDP  from  the  previous  5  year  period  was  calculated  and  used  as  the  growth  factor.  Data  that 
would  modify  these  growth  factors  based  on  the  retirement  or  upgrading  of  current  facilities 
and/or  the  construction  of  new  facilities  within  SICs  are  not  available  at  the  time  of  the  current 
study.  It  was  felt  by  the  project  team  that  if  such  data  had  been  available  it  would  have  been 
applicable  only  to  very  specific  facilities  within  very  few  SICs.  Given  the  cumulative  uncertainty 


There  is  some  uncertainty  associated  with  this  method  and  it  is  quite  possible  that  for  the  3  602  SCC 
codes  and  SCC  descriptions  in  OMOE  (1992b)  to  be  mis-allocated.  Additionally,  There  were  21 
codes  in  the  point  source  database  for  which  there  are  no  SCC  description  provided  and  which, 
consequently,  are  not  assigned  a  source  descriptor  and  excluded  from  the  database.  Resolving  these 
data  issues  is  beyond  the  scope  of  the  current  study. 

Informetrica  (1992)  growth  factors  provided  by  Barbara  Green  of  Environment  Canada,  Conservation 
and  Protection,  Regulatory  Affairs  &  Program  Integration.  CCME  (1990d)  emission  forecasts  are 
based  on  earlier  Informetrica  economic  forecasts. 
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Table  C-1  Methodology  for  aggregation  of  records  into  stationary  source  categories 


Source  categories 


Printing 


sec  descriptions 


Emissions  from  Area 
Source  database 
(source  code) 


Industrial  boilers 

-  "extcomb",  "process  heater", 
"combustion" 

General  solvent  use 

-  "solvent" 

SC  110 
SC  HI 

-  specific  solvents:  "benzene", 

SC  131 

"toluene",  "xylene",  "acetone". 

SC  133 

"(methylethylketone". 

SC  138 

"alcohol",  "cyclohexane". 

"varsol" 

Dry  cleaning 

-  "perc" 

SC  105 

Paints  and  coatings 

-  "paint",  "enamel",  "varnish". 

SC  106 

"lacquer" 

SC  107 
SC  108 
SC  136 

-  "ink" 


SC  109 


Degreasing 
Vapour  recovery 

Residual 


-  "degreas" 

-  "strg",  "tank" 

-  all  others 


SC  104 

SC  101 
SC  102 
SC  103 

all  others 


NOTE:    See  Appendix  D  for  the  listing  of  SCC  codes  that  correspond  to  each  category 
listed  above. 


associated  with  the  emissions  data  in  the  OEI  such  refinements  would  not  have  had  an 
appreciable  impact  on  the  emissions  forecast. 

Since  GDP  is  a  measure  of  economic  activity,  (it  is  determined  by  values  of  goods  shipped, 
wages  paid  etc.)  changes  to  the  GDP  provide  a  good  "sense"  of  changes  to  emissions  based 
solely  on  level  of  activity. 
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Table  C-2  Growth  factors  applied  to  selected  SICs  for  NO,  VOCs  projections. 


SIC  Code 

Industry  Name 

1990 

1995 

2000 

2005 

Total  EC 

Total  economy 

14.5% 

14.7% 

12.6% 

13.9% 

Total  mfg. 

Total  manufacturing 

9.7% 

16.4% 

14.1% 

17.7% 

SIC  06 

Total  mining 

19.6% 

5.8% 

14.3% 

14.4% 

SIC  27 

Paper  &  allied  products  industries 

5.1% 

12.4% 

11.0% 

13.9% 

SIC  29 

Primary  metal  industries 

2.4% 

16.0% 

15.8% 

23.0% 

SIC  291 

Primary  steel  industries 

-5.4% 

13.4% 

14.8% 

24.7% 

SIC  35 

Non-metallic  mineral  products  industry 

9.7% 

8.6% 

13.0% 

13.9% 

SIC  36 

Refined  petroleum  &  coal  products 

.12.3% 

15.2% 

10.8% 

10.7% 

SIC  37 

Chemical  &  chemical  products  industry 

13.5% 

20.5% 

15.2% 

19.3% 

Other  mfg. 

All  other  manufacturing  industries 

-2.7% 

8.5% 

13.0% 

9.7% 

SOURCE:  laforraetrica  1992. 


Stationary  sources  -  by  SIC 

The  growth  factors  in  Table  C-2  represent  percent  changes  to  GDP  from  the  1985  base  year.  A 
sample  calculation  for  projections  of  NO,  from  Boilers  for  SIC  27  is  given  below: 

1 .  Sample  equation  any  year: 

(^Xj  Sample 

^OXsic27,„  ^  '^increaseGDP,jc27^^^  ^■'VQ«s/c27,^=  ''^^5/c27,^.,  Z'^"'"' 


2.  1990  NO,  estimate: 

(1104  X  5.1%)  +  1104  =  1160  tonnes  NO^ 


(2) 


1990  NO,  aamuc 


3.  1995  NO.  estimate: 
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(1160  X  12.4%)  +  1160  =  1304  tonnes  NO^ 


(3) 


1995  NO,  estim»l£ 


4.  2000  NO.  estimate: 


(1304  X  11.0%)  +  1304  =  1447  tonnes  NO^ 


(4) 


2000  NO, 


5.  2005  NO.  estimate: 


(1447  X  13.9%)  +  1447  =  1648  tonnes  NO^  (5)  2005  no,  .s.™... 


Similar  calculations  were  done  for  SIC  06,  29,  291,  35,  36  and  37  boilers  and  residual  source 
categories. 

Stationary  sources  by  sector 

Growth  factors  for  stationary  sources  for  both  area  and  point  sources  were  from  (CCME  1990d). 
Exceptions  to  this  are  for  the  "residual"  sector  and  are  small  industry,  tire  wear,  incineration  and 
wood  waste  boilers.  Growth  factors  for  these  sources  are  from  OMTE  1992  (see  Table  C-3). 

C3     Mobile  source  growth  factors 

On-road  mobile  sources 

The  growth  factors  for  on-road  vehicle  emissions'*  are  based  on  .calculating  the  change  in 
emissions  from  OMTO  (1988)  and  applying  the  growth  rate  to  the  1985  (OMOE,  1992b) 
emissions  level  by  type  of  vehicle.  The  estimated  growth  in  emissions  is  based  on: 

1)  mobile  area  emissions  of  NO,  and  VOCs  in  1985  (OMOE  1992b); 

2)  total   vehicle   kilometres   travelled   (Vmt),   age  distribution   and   annual   fleet   size 
(OMTO  1988);  and 


4       On-road  vehicles  include:  passenger  (light  duty  diesel  or  gasoline  vehicles);  taxis;  trucks  (light, 
medium  and  heavy  duty  diesel  or  gasobne  trucks);  buses;  and  motorcycles: 
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Table  C-3  Summary  of  growth  factors 


Source 

Source  Categories 

Stationary 

Industria]  boilers 

Ontario  Hydro 

Solvent  use 

Degreasing 

Dry  cleaning 

Paints  and  coatings 

Printing 

Fuel  vapours 

Mobile 


Residual 
On-road  mobile 
Air,  tail  and  marine 
Off-road  vehicles 
Other 


Reference 

SP*:  CCME  1990. 
Ontario  Hydro  1992. 
SA/SP:  CCME  1990. 

SA/SP:  CCME  1990. 

SA/SP:  CCME  1990. 

SA/SP:  CCME  1990. 

SP:  Greenwood,  1991 
SA":  OMTE  1992. 

SP:  CCME  1990. 

SA:  Statistics  Canada  1986.  1991;  NEB  1991. 

SP:  Informetrica  1992. 

SA:  CCME  1990;  OMTE  1992. 

OMTO  1988,  Environment  Canada  1991 
MOBa£4.1C 

1990:  Statistics  Canada  1986,  1991.  1995- 
2005  NEB  1991. 

1990:  Statistics  Canada  1986,  1991.  1995- 
2005:  CCME  1990. 

OMTE  1992. 


a       -  SP  =  Point  source, 
b       -  SA  =  Area  source. 


3) 


NO,  and  VOC  emissions  factors  by  type  of  vehicle  for  the  years  1990,  1995,  2000  and 
2005  (MOBILE  4.1C,  Environment  Canada  1991). 


OMTO  (1988)  data  files  estimate  fleet  size,  age  distribution  and  Vmt  of  on-road  vehicles  in 
Ontario  to  2002.  These  data  are  used  to  estimate  annual  emissions  of  hydrocarbons,  NO,  and 
carbon  monoxide  Vmt  by  vehicle  type.  The  forecasts  are  extended  to  the  year  2005  in  this  study 
based  on  the  growth  in  the  fleet,  by  type  of  vehicle. 

MOBILE  4.1C  (Environment  Canada  1991)  estimates  annual  emissions  factors  by  type  of  vehicle 
for  on-road  vehicles.  MOBILE  4.1C  emission  factors  for  NO,  and  VOCs  (g/mile)  are  applied  to 
the  OMTO  (1988)  forecasts  of  Vmt  to  estimate  total  on-road  motor  vehicle  emissions.  The 
annual  change  in  these  emissions  is  then  calculated  and  applied  to  the  OEI  1985  base  year 
emissions  data  to  estimate  changes  in  emissions. 
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This  methodology  was  adopted,  rather  than  the  total  emissions  forecast  using  either  OMTO 
(1988)  or  Environment  Canada  (1991)  data,  to  avoid  double  counting  of  evaporative  and  fugitive 
emissions  included  in  the  OMTO  (1988)  and  MOBILE  4. IC  emissions  factors  estimates  but 
treated  as  a  separate  emissions  source  in  OEI  (OMOE  1992b).  The  methodology  also  ensures 
that  emissions  growth  estimates  are  consistent  with  the  base  year,  1985,  OEI  emissions 
estimates.  In  addition,  detailed  data  of  the  age  and  Vmt  in  the  OMTO  (1988)  data  facilitate  the 
estimation  of  the  impacts  of  actions  to  reduce  emissions  from  mobile  stationary  sources. 

Evaporation  and  fugitive  emissions  are  estimated  separately  in  the  OEI  (sector  numbers  SClOl 
to  SCI 03  -  gasoline  evaporation).  This  does  not  result  in  double  counting  of  emissions  since  the 
change  in  emissions  rather  than  total  emissions  is  used  from  OMTO  and  Environment  Canada 
data.  However,  the  actual  annual  change  in  tail-pipe  emissions  may  differ  from  all  three  sources. 
It  is  assumed  that  this  difference  is  not  significant  for  the  base  case. 

The  same  methodology  and  growth  rates  are  used  to  forecast  both  Ontario  and  WQC  emissions. 

Example  calculation 

On-road  estimates  of  emissions  were  calculated  based  on  annual  data  from  1985  to  2005.  The 
following  is  an  example  of  the  methodology  estimating  passenger  (gasoline)  vehicles  NO, 
emissions  in  1990: 

Inputs  to  the  calculation 

1.  Ontario  NO,  emissions  passenger  (gasoline)  1985  (OMOE  1992b): 

85,065  tormes 

2.  Light  duty  gasoline  vehicles  1985  and  1990  Vmt  (OMTO  1988): 

Year  Vmt 

1985  46,600  million 

1986  48,500  million 

1987  50,500  million 

1988  55,100  million 

1989  55,100  million 

1990  57,300  million 

3.  Light  duty  gasoline  vehicles  NO,  emissions  rate  for  1985  and  1990  (Environment 
Canada  1991): 
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Year  g/mile 

1985  2.99 

1986  2.82 

1987  2.58 

1988  2.32 

1989  2.03 

1990  1.78 

Calculation  of  1990  passenger  (gasoline)  NO^  emissions  growth  rate 

4.  Revised  LDGV  1985  and  1990  NO,  emissions  rate  multiplied  by  LDGV  1985  and  1990 

NO,  Vmt: 


Year 

Calculation 

Tonnes 

1985 

2.99  X  46,600 

139.300 

1986 

2.82  X  48,500 

136,800 

1987 

2.58  X  50,500 

130,300 

1988 

2.32  X  55,100 

127,800 

1989 

2.03  X  55,100 

111,900 

1990 

1.78X57,300 

102,000 

Growth  in  passenger  (gasoline)  NO,  emissions  from  1985  to  1990: 


Year 

Calculation 

Growtii  rate 

1986 

(136,800/139300)  - 

I                 -1.79% 

1987 

(130,300/136,800)  - 

I                 -4.75% 

1988 

(127,800/130,300)  - 

-1.92% 

1989 

(111,900/127,800)- 

-12.44% 

1990 

(102,000/111,900)- 

-8.85% 

6.  Change  in  NO,  emissions  from  1985  to  1990  using  OEI  (1992)  base  emissions  data: 


or. 


Year  Calculation 

1986  (85,065  X -1.79) +  85,065 

1987  (130,300  X  -4.75)  +  83500 

1988  (127,800  X -1.92) +  79,600 

1989  (1 1 1,900  X  -12.44)  +  78,000 

1990  (102,000  X -8.85) +  68,300 

62,300  tonnes  of  NO,  in  1990.' 


Emissions 

83,500  tonnes 
79,600  tonnes 
78,000  tonnes 
68,300  tonnes 
62,300  tonnes 


5       The  result  from  example  calculation  may  vary  from  actual  estimated  emissions  due  to  rounding. 
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Air,  rail  and  marine  activity 

Forecasts  of  NO,A^OCs  emissions  from  air,  rail  and  marine  activity  are  based  on  actual  final 
energy  demand  for  Ontario  (Statistics  Canada  1986,  1991)  and  the  National  Energy  Board's 
(NEB  1991)  forecast  of  final  energy  demand  for  air,  rail  and  marine  transportation. 

NO,  and  VOC  emissions  for  the  year  1990  are  estimated  by  calculating  the  change  in  final 
energy  demand  of  air,  rail  and  marine  mobile  source  activity  between  1985  and  1990  using 
Statistics  Canada  (1986;  1991)  data.  The  following  final  energy  demand  data  for  Ontario  are 
included: 

•  railways  (diesel); 

•  Canadian  and  foreign  airlines  (aviation  turbo  and  gasoline);  and 

•  Canadian  and  foreign  marine  (diesel  and  heavy  fuel  oil). 

The  forecast  change  in  emissions  fi-om  mobile  air  sources  for  the  years  1995,  2000  and  2005 
are  based  on  the  NEB  (1991)  forecast  of  final  energy  demand  for  aviation  turbo  and  gasoline 
fuel  in  Ontario  applied  to  the  1990  emission  estimates  calculated  from  Statistics  Canada  (1986; 
1991)  final  energy  demand  data. 

The  forecast  change  in  emissions  from  rail  and  marine  sources  for  the  years  1995,  2000  and 
2005  are  based  on  the  NEB  (1991)  national  forecast  of  the  armual  change  in  final  energy 
demand  for  rail  and  marine  transportation  applied  to  the  1990  emission  estimates  calculated  from 
Statistics  Canada  (1986;  1991)  final  energy  demand  data.  As  such,  growth  factors  for  1995  to 
2005  emissions  estimates  of  both  NO,  and  VOCs  are  as  follows: 

•  Railroad   (diesel)  -  1990  to  2005  forecast  based  annual  change  in  Canadian  rail  final 
energy  demand; 

•  Aircrafts-jets/turbo  -  1990  to  2(K)5  forecast  based  final  energy  demand  forecast,  Ontario 
transportation  aviation  turbo  fiiel; 

•  Aircrafts  -  piston  and  helicopters-  1990  to  2005  forecast  based  on  final  energy  demand 
forecast,  Ontario  transportation  aviation  gasoline  fuel;  and 

•  Shipping  (residual  oil  and  diesel)  -  1990  to  2005  forecast  based  on  annual  change  in 
Canadian  marine  final  energy  demand. 

The  same  methodology  and  growth  factors  are  used  to  forecast  both  Ontario  and  WQC  emissions 
of  NO,  and  VOCs. 
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2. 


Example  calculation 

The  forecast  of  railroad  (diesel)  NO,  emissions  is  calculated  as  follows. 
1.  Railroad  (diesel)  NO,  emissions  1985  (OMOE  1992b): 

27,695  tonnes 
Statistics  Canada  57-003  (1986;  1991)  fmal  energy  demand  rail  diesel  in  Ontario: 

Year  Terajoules 

1985  4,979 

1990  5,477. 

3.  Growth  in  NO,  emissions  from  1985  to  1990: 

5,477/4,979  x  27,695  =  30,500  tonnes 

4.  NEB  growth  in  final  rail  energy  demand  1990  to  2005: 

1990  to  2000  1.2%  per  annum 

2000  to  2010  0.4  %  per  annum 

5.  Omnge  in  NO,  emissions  from  1990  to  2005  using  OEI  (OMOE  1992b)  base  emissions 

Year  Calculation  Emissions 

^^^5  27,695  tonnes 

^^90  30,500  tonnes 

1995  30,500  X  (1.012)'*  32,300  tomies 

2000  32,300  X  (1.012)'  34,300  tomies 

2005  34,300  X  (1.004)'  35,000  tomies 

*  -  Compounded  for  five  years. 

Off-road  internal  combustion  mobile  sources 

Forecasts  of  emissions  from  off-road  internal  combustion  mobile  sources  (agriculture 
consmiction  and  industry)  are  based  on  final  energy  demand  in  Ontario  (Statistics  cZ^Ze 
1991)  and  the  CO^  (1990d)  forecast  of  the  change  in  NO,  emissions  of  off-road-T^t^e' 
construction  and  other— transportation  activity  in  Ontario.  i^uiiure. 


6       The  result  from  example  calculation  may  vaiy  from  actual  estimated  emissions  due  to  rounding. 
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NO,  and  VOC  emissions  for  the  year  1990  are  estimated  by  calculating  the  change  in  final 
energy  demand  between  1985  and  1990  (Statistics  Canada  1986;  1991).  The  final  energy  demand 
data  include: 

•  other,  agriculture  (gasoline  and  diesel); 

•  industrial,  construction  (diesel);  and 

•  total  industrial  (diesel). 

The  final  energy  demand  data  used  to  estimate  1990  emissions  include  both  off-road 
transportation  and  other  industrial  energy  use.  The  change  in  other  industry  mobile  final  energy 
demand  is  estimated  by  subtracting  construction  final  energy  demand  from  total  industry  final 
energy  demand.  Emissions  in  1990  are  estimated  based  on  the  change  in  final  energy  demand 
between  1985  and  1990  apphed  to  the  base  year  estimate  of  emissions  provided  by  OEI. 

Agriculture  and  construction  emissions  for  the  years  1995,  2000  and  2005  are  based  on  the 
change  in  transportation,  off-road,  agriculture  (diesel)  and  construction  (diesel)  NO,  emissions 
in  CCME  (1990d).  Industry  emissions  are  based  on  the  estimated  change  in  transportation,  off- 
road,  other  (diesel)  in  Ontario  NO,  emissions  (CCME  1990d). 

The  same  methodology  and  growth  factors  are  used  to  forecast  both  Ontario  and  WQC  emissions 
of  NO,  and  VOCs. 

Example  calculation 

The  forecast  methodology  is  the  same  to  that  presented  in  the  air,  rail  and  marine  activity 
(Section  1.2)  example. 

Other  internal  combustion  mobile  sources 

Other  internal  combustion  mobile  sources  include:  marine  pleasure  craft,  lawnmowers  and 
snowmobiles. 

Forecast  NO/VOC  emissions  from  these  sources  are  based  on  the  change  in  population  between 
1985  and  2005.  The  Ontario  Ministry  of  Treasury  and  Economics  (OMTE  1992)  calculates 
population  in  Ontario  by  county.  The  annual  change  in  population  is  used  to  estimate  the  change 
in  emissions  from  other  internal  combustion  sources  between  the  years  1985  to  2005.  It  is 
assumed  that  the  change  in  population  reflects  the  increase  in  use  of  these  sources  of  NO,  and 
VOC  emissions. 
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Example  calculation 

Lawnmower  1990  Ontario  NO,  emissions  are  calculated  as  follows. 

1.  lawnmower  NO,  emissions  1985  (OMOE  1992b): 

44  tonnes 

2.  Population  in  Ontario  1985  and  1990  (OMTE  1992) 


Year 

Population 

1985 

9.0  million 

1990 

9.7  million 

2.  Growth  in  NO,  emissions  from  1985  to  1990: 

9.7  /  9.0  or,         1.07  per  cent 

3.  Lawnmower  NO,  emissions  in  1990  using  OEI  (OMOE  1992b)  base  emissions  data: 

44  X  1.07         or,         47  tonnes 

The  forecast  change  in  population  (OMTE  1992)  for  the  WQC  between  1985  and  2005  is  used 
to  forecast  the  chainge  in  emissions  in  the  corridor. 
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Sec  aggregations  and  sector  classifications 


Record 

Sec  Range 

Sector 

Record 

Sec  Range 

Sector 

1 

102(X)601    - 

10200604  BOILERS 

51 

40500311      - 

40500312  PRINTING 

2 

10200701    - 

BOILERS 

52 

40500401      - 

40500413  PRINTING 

3 

10200704    - 

BOILERS 

53 

40500501       - 

40500503  PRINTING 

4 

10200707    - 

BOILERS 

54 

40500506      - 

40500507  PRINTING 

5 

10200799    - 

BOILERS 

55 

40500510      - 

40500513  PRINTING 

6 

10200802    - 

BOILERS 

56 

40500598      - 

40500599  PRINTING 

7 

10201001    - 

10201002  BOILERS 

57 

40500601       - 

40500701  PRINTING 

8 

10299999    - 

BOILERS 

58 

40500799      - 

PRINTING 

9 

10300201    - 

BOILERS 

59 

40508801       - 

PRINTING 

10 

10300401    - 

10300404  BOILERS 

60 

40588801       - 

40588805  PRINTING 

11 

10300501    - 

10300504  BOILERS 

61 

11100      - 

11400  RESIDUAL 

12 

10300601    - 

10300603  BOILERS 

62 

11510      - 

11520  RESIDUAL 

13 

10500105    - 

10500106  BOILERS 

63 

11610      - 

11640  RESIDUAL 

14 

40100201    - 

40100208  DECREASE 

64 

12100      - 

12400  RESIDUAL 

15 

40100215    - 

40100217  DECREASE 

65 

12510      - 

12520  RESIDUAL 

16 

40100221    - 

40100236  DECREASE 

66 

13100      - 

13400  RESIDUAL 

17 

40100251    - 

40100258  DECREASE 

67 

13510      - 

13520  RESIDUAL 

18 

40100295    - 

40100299  DECREASE 

68 

14100      - 

14500  RESIDUAL 

19 

70000    - 

71000  DRYCLEAN 

69 

15401      - 

15403  RESIDUAL 

20 

30112520    - 

30112522  DRYCLEAN 

70 

21000      - 

21100  RESIDUAL 

21 

40100101    - 

40100106  DRYCLEAN 

71 

21150      - 

RESIDUAL 

22 

40100198    - 

DRYCLEAN 

72 

21200      - 

21400  RESIDUAL 

23 

40100401    - 

DRYCLEAN 

73 

22100      - 

RESIDUAL 

24 

10100501    - 

ONTHYDRO 

74 

22140      - 

RESIDUAL 

25 

30101401    - 

30101402  PAINTS 

75 

22210      - 

22280  RESIDUAL 

26 

30101499    - 

PAINTS 

76 

23110      - 

23150  RESIDUAL 

27 

30101501    - 

30101503  PAINTS 

77 

23210      - 

23250  RESIDUAL 

28 

30101505    - 

PAINTS 

78 

24100      - 

RESIDUAL 

29 

30101599    - 

PAINTS 

79 

25110      - 

25120  RESIDUAL 

30 

30102001    - 

PAINTS 

80 

25210      - 

25220  RESIDUAL 

31 

30300931    - 

30300936  PAINTS 

81 

25310      - 

RESIDUAL 

32 

30901501    - 

30901601  PAINTS 

82 

26100      - 

26200  RESIDUAL 

33 

40200101    - 

PAINTS 

83 

31300      - 

RESIDUAL 

34 

40200110   - 

PAINTS 

84 

31500      - 

RESIDUAL 

35 

40200201    - 

PAINTS 

85 

32100      - 

33100  RESIDUAL 

36 

40200210    - 

PAINTS 

86 

41110      • 

41120  RESIDUAL 

37 

40200301    - 

PAINTS 

87 

42110      - 

42120  RESIDUAL 

38 

40200310    - 

PAINTS 

88 

42210      • 

42220  RESIDUAL 

39 

40200401    - 

PAINTS 

89 

42310      - 

42320  RESIDUAL 

40 

40200410    - 

PAINTS 

90 

43100      . 

43200  RESIDUAL 

41 

40200501    - 

PAINTS 

91 

44000      • 

RESIDUAL 

42 

40200510    - 

PAINTS 

92 

45100      - 

45500  RESIDUAL 

43 

40201721    - 

40201728  PAINTS 

93 

46100      - 

47200  RESIDUAL 

44 

30102001    - 

30102003  PRINTING 

94 

51000      - 

RESIDUAL 

45 

30102003    - 

30102005  PRINTING 

95 

52110      - 

52120  RESIDUAL 

46 

40500101    - 

PRINTING 

96 

52210      - 

52240  RESIDUAL 

47 

40500199    - 

PRINTING 

97 

52245      - 

RESIDUAL 

48 

40500201    - 

40500203  PRINTING 

98 

53110      - 

53120  RESIDUAL 

49 

40500211    - 

40500212  PRINTING 

99 

53200      - 

53220  RESIDUAL 

50 

40500301    - 

40500307  PRINTING 

100 

53300      - 

RESIDUAL 

x:  aggregations  and  sector  classifications 


Sec  Range 

Sector 

Record 

Sec  Range 

Sector 

53410    - 

53450  RESIDUAL 

151 

10200299      - 

RESIDUAL 

53500    - 

RESIDUAL 

152 

10200301      - 

10200304  RESIDUAL 

53611    - 

53615  RESIDUAL 

153 

10200306      - 

10200307  RESIDUAL 

53621    - 

53628  RESIDUAL 

154 

10200401      - 

10200405  RESIDUAL 

53631    - 

RESIDUAL 

155 

10200501      - 

10200505  RESIDUAL 

54100    - 

54200  RESIDUAL 

156 

10200691      - 

10200694  RESIDUAL 

55100    - 

55200  RESIDUAL 

157 

10200699      - 

RESIDUAL 

56000    - 

RESIDUAL 

158 

10200710      - 

RESIDUAL 

57100    - 

57400  RESIDUAL 

159 

10200804      - 

RESIDUAL 

61110    - 

61160  RESIDUAL 

160 

10200901      - 

10200907  RESIDUAL 

61210    - 

61240  RESIDUAL 

161 

10200992      - 

RESIDUAL 

61310    - 

61340  RESIDUAL 

162 

10200996      - 

RESIDUAL 

61410    - 

61430  RESIDUAL 

163 

10200998      - 

10200999  RESIDUAL 

64000    - 

64100  RESIDUAL 

164 

10201101      - 

10201302  RESIDUAL 

65000    - 

RESIDUAL 

165 

10201401      - 

10201404  RESIDUAL 

66100    - 

66300  RESIDUAL 

166 

10300101      - 

10300103  RESIDUAL 

77000    - 

RESIDUAL 

167 

10300205      - 

10300209  RESIDUAL 

78200    - 

RESIDUAL 

168 

10300211      . 

RESIDUAL 

81000    - 

RESIDUAL 

169 

10300214      - 

RESIDUAL 

85100    • 

85400  RESIDUAL 

170 

10300216      - 

10300217  RESIDUAL 

99990    - 

RESIDUAL 

171 

10300221      - 

10300226  RESIDUAL 

10100101    - 

10100102  RESIDUAL 

172 

10300305      - 

10300307  RESIDUAL 

10100201    - 

10100205  RESIDUAL 

173 

10300309      • 

RESIDUAL 

10100212    - 

RESIDUAL 

174 

10300691      - 

10300693  RESIDUAL 

10100217    - 

RESIDUAL 

175 

10300701      - 

RESIDUAL 

10100221    - 

10100226  RESIDUAL 

176 

10300799      - 

RESIDUAL 

10100301    - 

10100304  RESIDUAL 

177 

10300901      - 

10300903  RESIDUAL 

10100306    - 

RESIDUAL 

178 

10301001      - 

10301002  RESIDUAL 

10100401    - 

RESIDUAL 

179 

10301201      - 

10301303  RESIDUAL 

10100404    - 

10100406  RESIDUAL 

180 

10500102      - 

RESIDUAL 

10100504    - 

10100505  RESIDUAL 

181 

10500110      - 

RESIDUAL 

10100601    - 

10100602  RESIDUAL 

182 

10500205      - 

10500206  RESIDUAL 

10100604    - 

RESIDUAL 

183 

10500209      • 

10500210  RESIDUAL 

10100691    - 

10100692  RESIDUAL 

184 

20100101      - 

20100102  RESIDUAL 

10100694    - 

RESIDUAL 

185 

20100201      - 

20100202  RESIDUAL 

10100701    - 

10100702  RESIDUAL 

186 

20100291      . 

20100292  RESIDUAL 

10100704    - 

RESIDUAL 

187 

20100702      - 

RESIDUAL 

10100801    • 

10100903  RESIDUAL 

188 

20100901      - 

20100902  RESIDUAL 

10101001    - 

10101002  RESIDUAL 

189 

20101001      - 

RESIDUAL 

10101101    - 

10101302  RESIDUAL 

190 

20200101      - 

20200104  RESIDUAL 

10200101    - 

RESIDUAL 

191 

20200192      . 

RESIDUAL 

10200104    - 

RESIDUAL 

192 

20200201      - 

20200204  RESIDUAL 

10200107    - 

RESIDUAL 

193 

20200291      - 

20200293  RESIDUAL 

10200201    - 

10200206  RESIDUAL 

194 

20200301      - 

20200403  RESIDUAL 

10200210    - 

RESIDUAL 

195 

20200501      - 

RESIDUAL 

10200212    - 

10200213  RESIDUAL 

196 

20200901      - 

20200902  RESIDUAL 

10200217    - 

RESIDUAL 

197 

20201001      - 

20201002  RESIDUAL 

10200219    - 

RESIDUAL 

198 

20300101      - 

20300102  RESIDUAL 

10200221    - 

10200226  RESIDUAL 

199 

20300201      - 

20300202  RESIDUAL 

10200229    - 

RESIDUAL 

200 

20300291      - 

20300292  RESIDUAL 

11992 


Sec  aggregations  and  sector  classifications 


Record 

Sec  Range 

Sector 

Record 

Sec  Range 

Sector 

201 

20300301 

RESIDUAL 

251 

30102306 

RESIDUAL 

202 

20301001 

-    20301002  RESIDUAL 

252 

30102308 

RESIDUAL 

203 

20400101 

•    20400102  RESIDUAL 

253 

30102310 

RESIDUAL 

204 

20400301 

-    20400302  RESIDUAL 

254 

30102312 

RESIDUAL 

205 

20400401 

■    20400402  RESIDUAL 

255 

30102314 

RESIDUAL 

206 

28888801 

.    28888803  RESIDUAL 

256 

30102316 

RESIDUAL 

207 

30100101 

•    30100109  RESIDUAL 

257 

30102318 

.       30102322  RESIDUAL 

208 

30100180 

RESIDUAL 

258 

30102399 

RESIDUAL 

209 

30100305 

•    30100309  RESIDUAL 

259 

30102401 

30102402  RESIDUAL 

210 

30100399 

RESIDUAL 

260 

30102405 

RESIDUAL 

211 

30100501 

•    30100504  RESIDUAL 

261 

30102410 

RESIDUAL 

212 

30100506 

30100509  RESIDUAL 

262 

30102414      • 

30102416  RESIDUAL 

213 

30100599 

RESIDUAL 

263 

30102501       • 

RESIDUAL 

214 

30100601 

RESIDUAL 

264 

30102505      ■ 

RESIDUAL 

215 

30100603 

30100605  RESIDUAL 

265 

30102601       ■ 

30102602  RESIDUAL 

216 

30100699 

RESIDUAL 

266 

30102625      • 

RESIDUAL 

217 

30100801 

30100805  RESIDUAL 

267 

30102630      ■ 

RESIDUAL 

218 

30100899 

RESIDUAL 

268 

30102699      ■ 

RESIDUAL 

219 

30100901    - 

30100902  RESIDUAL 

269 

30102702      - 

30102714  RESIDUAL 

220 

30100999    • 

RESIDUAL 

270 

30102717      - 

30102718  RESIDUAL 

221 

30101011    • 

30101015  RESIDUAL 

271 

30102720      • 

30102725  RESIDUAL 

222 

30101021    ■ 

30101023  RESIDUAL 

272 

30102727      ■ 

30102730  RESIDUAL 

223 

30101030    • 

RESIDUAL 

273 

30102799      ■ 

RESIDUAL 

224 

30101099    - 

RESIDUAL 

274 

30102801       - 

RESIDUAL 

225 

30101101    • 

RESIDUAL 

275 

30102803      - 

30102807  RESIDUAL 

226 

30101198    ■ 

30101199  RESIDUAL 

276 

30102820      - 

30102825  RESIDUAL 

227 

30101202    ■ 

30101206  RESIDUAL 

277 

30102903      ■ 

30102908  RESIDUAL 

228 

30101301    • 

30101306  RESIDUAL 

278 

30102920      ■ 

30102925  RESIDUAL 

229 

30101308    ■ 

RESIDUAL 

279 

30103001       ■ 

30103004  RESIDUAL 

230 

30101399    • 

RESIDUAL 

280 

30103020      - 

30103025  RESIDUAL 

231 

30101601    ■ 

30101603  RESIDUAL 

281 

30103099      ■ 

RESIDUAL 

232 

30101699    • 

RESIDUAL 

282 

30103101       - 

30103105  RESIDUAL 

233 

30101702    ■ 

30101708  RESIDUAL 

283 

30103199      - 

RESIDUAL 

234 

30101799    - 

RESIDUAL 

284 

30103201       - 

30103204  RESIDUAL 

235 

30101801    • 

30101803  RESIDUAL 

285 

30103301       - 

30103312  RESIDUAL 

236 

30101805    • 

RESIDUAL 

286 

30103399      - 

RESIDUAL 

237 

30101827    • 

RESIDUAL 

287 

30103402      - 

30103406  RESIDUAL 

238 

30101832    ■ 

RESIDUAL 

288 

30103410      - 

30103412  RESIDUAL 

239 

30101842    ■ 

RESIDUAL 

289 

30103414      - 

30103415  RESIDUAL 

240 

30101847 

RESIDUAL 

290 

30103420      - 

RESIDUAL 

241 

30101849 

RESIDUAL 

291 

30103425      ■ 

RESIDUAL 

242 

30101852    ■ 

RESIDUAL 

292 

30103430      - 

RESIDUAL 

243 

30101863 

30101866  RESIDUAL 

293 

30103435      - 

RESIDUAL 

244 

30101870 

30101872  RESIDUAL 

294 

30103499      - 

RESIDUAL 

245 

30101880 

30101885  RESIDUAL 

295 

30103501       - 

30103503  RESIDUAL 

246 

30101901 

30101902  RESIDUAL 

296 

30103506      - 

30103507  RESIDUAL 

247 

30102112 

•    30102113  RESIDUAL 

297 

30103510      - 

RESIDUAL 

248 

30102199 

RESIDUAL 

298 

30103515      ■ 

RESIDUAL 

249 

30102201 

•    30102301  RESIDUAL 

299 

30103520      - 

RESIDUAL 

250 

30102304 

RESIDUAL 

300 

30103550      - 

30103554  RESIDUAL 

OEI1992 

vc  aggregations  and  sector  classifications 


cord 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
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■  329 
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30103599    - 

RESIDUAL 

351 

30113701 

RESIDUAL 

30103801    - 

30103903  RESIDUAL 

352 

30113710 

RESIDUAL 

30104001    - 

30104013  RESIDUAL 

353 

30113799 

RESIDUAL 

30104101    - 

30104104  RESIDUAL 

354 

30114001 

.      301 14005  RESIDUAL 

30104201    - 

30104204  RESIDUAL 

355 

30115201 

-      30115301  RESIDUAL 

30104301     - 

RESIDUAL 

356 

30115310 

30115312  RESIDUAL 

30104501     - 

RESIDUAL 

357 

30115320 

-      30115322  RESIDUAL 

30106001     - 

30106012  RESIDUAL 

358 

30115380 

RESIDUAL 

30106099    - 

RESIDUAL 

359 

30115601 

30115607  RESIDUAL 

30107001     - 

30107002  RESIDUAL 

360 

30115680 

RESIDUAL 

30109101    - 

RESIDUAL 

361 

30115704      • 

RESIDUAL 

30109105    - 

RESIDUAL 

362 

30115780      • 

RESIDUAL 

30109110    - 

RESIDUAL 

363 

30115801       • 

30115803  RESIDUAL 

30109151    - 

30109154  RESIDUAL 

364 

30115821 

30115822  RESIDUAL 

30109180    - 

RESIDUAL 

365 

30115880      • 

RESIDUAL 

30109199    - 

RESIDUAL 

366 

30116780 

RESIDUAL 

30110002    - 

30110005  RESIDUAL 

367 

30116799      • 

RESIDUAL 

30110099    - 

RESIDUAL 

368 

30116901 

30116906  RESIDUAL 

30111201    - 

30111202  RESIDUAL 

369 

30116980 

RESIDUAL 

30111299    - 

RESIDUAL 

370 

30117401 

•      30117402  RESIDUAL 

30112001    - 

301 12002  RESIDUAL 

371 

30117410 

30117421  RESIDUAL 

30112005    - 

30112007  RESIDUAL 

372 

30117480      ■ 

RESIDUAL 

30112011    - 

30112014  RESIDUAL 

373 

30117601 

RESIDUAL 

30112017    - 

RESIDUAL 

374 

30117610 

30117618  RESIDUAL 

30112021    - 

30112034  RESIDUAL 

375 

30117630 

301 17634  RESIDUAL 

30112037    - 

RESIDUAL 

376 

30117680 

RESIDUAL 

30112099    - 

30112199  RESIDUAL 

377 

30119001 

30119004  RESIDUAL 

30112401     - 

301 12407  RESIDUAL 

378 

30119010 

•      30119014  RESIDUAL 

30112480    - 

RESIDUAL 

379 

30119080      - 

RESIDUAL 

30112501     - 

30112502  RESIDUAL 

380 

30119501 

30119506  RESIDUAL 

30112504    - 

30112506  RESIDUAL 

381 

30119580      - 

RESIDUAL 

30112509    - 

30112512  RESIDUAL 

382 

30119701 

RESIDUAL 

30112524    - 

30112535  RESIDUAL 

383 

30119705      - 

30119710  RESIDUAL 

30112540    - 

30112547  RESIDUAL 

384 

30119741 

301 19745  RESIDUAL 

30112550    - 

30112553  RESIDUAL 

385 

30119749      - 

RESIDUAL 

30112555    - 

RESIDUAL 

386 

30119799 

RESIDUAL 

30112599    - 

30112699  RESIDUAL 

387 

30120201      - 

30120206  RESIDUAL 

30112701    - 

30112703  RESIDUAL 

388 

30120210      - 

30120211  RESIDUAL 

30112720    - 

301 12740  RESIDUAL 

389 

30120280      - 

RESIDUAL 

30112780    - 

RESIDUAL 

390 

30120501      ■ 

30120509  RESIDUAL 

30113004    - 

30113005  RESIDUAL 

391 

30120520      - 

30120532  RESIDUAL 

30113099    - 

RESIDUAL 

392 

30120540 

30120555  RESIDUAL 

30113201    - 

RESIDUAL 

393 

30120580      ■ 

RESIDUAL 

30113205    - 

RESIDUAL 

394 

30120601 

30120603  RESIDUAL 

30113210    - 

RESIDUAL 

395 

30120680      - 

RESIDUAL 

30113221    - 

30113224  RESIDUAL 

396 

30121001      • 

30121010  RESIDUAL 

30113227    - 

RESIDUAL 

397 

30121080      - 

RESIDUAL 

30113299    - 

"RESIDUAL 

398 

30121101      ■ 

30121104  RESIDUAL 

30113301     - 

30113303  RESIDUAL 

399 

30121121       - 

30121125  RESIDUAL 

30113380    - 

RESIDUAL 

400 

30121180      • 

RESIDUAL 

11992 


Sec  aggregations  and  sector  classifications 


Record 

Sec  Range 

Sector 

Record 

Sec  Range 

Sector 

401 

30125001    - 

30125005  RESIDUAL 

451 

30200721 

-       30200724  RESIDUAL 

402 

30125010    - 

RESIDUAL 

452 

30200731 

-      30200734  RESIDUAL 

403 

30125015    . 

RESIDUAL 

453 

30200741 

■      30200745  RESIDUAL 

404 

30125020    - 

RESIDUAL 

454 

30200751 

-      30200756  RESIDUAL 

405 

30125025    - 

RESIDUAL 

455 

30200760 

RESIDUAL 

406 

30125099    - 

RESIDUAL 

456 

30200771 

■      30200774  RESIDUAL 

407 

30125101     - 

30125104  RESIDUAL 

457 

30200781 

-      30200806  RESIDUAL 

408 

30125180    - 

RESIDUAL 

458 

30200899      ' 

RESIDUAL 

409 

30125201    - 

30125302  RESIDUAL 

459 

30200901 

30200905  RESIDUAL 

410 

30125305    - 

30125306  RESIDUAL 

460 

30200998      • 

•      30200999  RESIDUAL 

411 

30125315    - 

30125316  RESIDUAL 

461 

30201099      ■ 

RESIDUAL 

412 

30125325    - 

30125326  RESIDUAL 

462 

30201103      • 

30201106  RESIDUAL 

413 

30125380    - 

RESIDUAL 

463 

30201199      ■ 

RESIDUAL 

414 

30125401    - 

RESIDUAL 

464 

30201201      • 

.      30201206  RESIDUAL 

415 

30125405    - 

30125413  RESIDUAL 

465 

30201299      • 

RESIDUAL 

416 

30125415    - 

30125418  RESIDUAL 

466 

30201301      • 

30201401  RESIDUAL 

417 

30125420    - 

RESIDUAL 

467 

30201599      ■ 

RESIDUAL 

418 

30125499    - 

RESIDUAL 

468 

30201601      • 

RESIDUAL 

419 

30125801     - 

30125803  RESIDUAL 

469 

30201699      • 

30201899  RESIDUAL 

420 

30125810    - 

RESIDUAL 

470 

30201904      • 

RESIDUAL 

421 

30125899    - 

RESIDUAL 

471 

30201906      ■ 

•      30201909  RESIDUAL 

422 

30130101     - 

30130108  RESIDUAL 

472 

30202001      • 

•      30202002  RESIDUAL 

423 

30130110    - 

RESIDUAL 

473 

30202101      - 

•      30202102  RESIDUAL 

424 

30130135    - 

RESIDUAL 

474 

30202105      ■ 

30202106  RESIDUAL 

425 

30130180    - 

RESIDUAL 

475 

30202201       ■ 

RESIDUAL 

426 

30130201    - 

30130203  RESIDUAL 

476 

30202601      • 

RESIDUAL 

427 

30130280    - 

RESIDUAL 

477 

30202801      ■ 

RESIDUAL 

428 

30130301     - 

30130305  RESIDUAL 

478 

30203001       - 

RESIDUAL 

429 

30130380    - 

RESIDUAL 

479 

30203099      - 

RESIDUAL 

430 

30130401     - 

30130405  RESIDUAL 

480 

30203103      - 

30203111  RESIDUAL 

431 

30130480    - 

RESIDUAL 

481 

30203199      - 

RESIDUAL 

432 

30130501     - 

30130505  RESIDUAL 

482 

30203201      - 

30203202  RESIDUAL 

433 

30130580    - 

RESIDUAL 

483 

30203299      - 

30203399  RESIDUAL 

434 

30180001    - 

30184001  RESIDUAL 

484 

30203601      - 

RESIDUAL 

435 

30188801    - 

30188805  RESIDUAL 

485 

30203801      - 

RESIDUAL 

436 

30190001    - 

30190004  RESIDUAL 

486 

30288801      - 

30288805  RESIDUAL 

437 

30190011    - 

30190014  RESIDUAL 

487 

30290001      - 

30290003  RESIDUAL 

438 

30190099    - 

RESIDUAL 

488 

30290091      - 

RESIDUAL 

439 

30199998    - 

30199999  RESIDUAL 

489 

30290093      - 

RESIDUAL 

440 

30200101    - 

30200104  RESIDUAL 

490 

30299998      ■ 

30299999  RESIDUAL 

441 

30200199    - 

RESIDUAL 

491 

30300001      - 

30300002  RESIDUAL 

442 

30200201    - 

30200203  RESIDUAL 

492 

30300099      - 

RESIDUAL 

443 

30200299    - 

RESIDUAL 

493 

30300101      - 

303001 1 1  RESIDUAL 

444 

30200301    - 

30200404  RESIDUAL 

494 

30300191      - 

30300193  RESIDUAL 

445 

30200410    - 

RESIDUAL 

495 

30300198      - 

30300199  RESIDUAL 

446 

30200501    - 

30200512  RESIDUAL 

496 

30300201       - 

RESIDUAL 

447 

30200601    - 

30200611  RESIDUAL 

497 

30300302 

30300316  RESIDUAL 

448 

30200699    - 

RESIDUAL 

498 

30300399      - 

RESIDUAL 

449 

30200701    - 

30200705  RESIDUAL 

499 

30300401       - 

30300518  RESIDUAL 

450 

30200711    - 

30200714  RESIDUAL 

500 

30300521      - 

30300528  RESIDUAL 

)EI1992 

3cc  aggregations  and  sector  classifications 


Record 
501 
502 
503 
504 
505 
506 
507 
508 
I  509 
I  510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
521 
522 
523 
524 

1525 
526 
527 

1528 
529 
530 
,  531 
I  532 
I  533 

J  ^ 
I  535 

I  536 

537 

1538 
539 
540 

I  542 

n  543 
J  544 
I  545 

I  546 

547 

1548 
549 
550 


Sec  Range 

Sector 

Record 

Sec  Range 

Sector 

30300599    - 

RESIDUAL 

551 

30400301      - 

30400305  RESIDUAL 

30300601    - 

30300605  RESIDUAL 

552 

30400310      - 

RESIDUAL 

30300610    - 

30300617  RESIDUAL 

553 

30400315      - 

RESIDUAL 

30300699    - 

RESIDUAL 

554 

30400320      - 

RESIDUAL 

30300701    - 

30300704  RESIDUAL 

555 

30400325      - 

RESIDUAL 

30300799    - 

RESIDUAL 

556 

30400331      - 

30400333  RESIDUAL 

30300801    - 

30300802  RESIDUAL 

557 

30400340      - 

30400342  RESIDUAL 

30300804    - 

30300805  RESIDUAL 

558 

30400350      - 

30400358  RESIDUAL 

30300808    - 

30300809  RESIDUAL 

559 

30400360      - 

30400371  RESIDUAL 

30300811    - 

30300827  RESIDUAL 

560 

30400398      - 

30400399  RESIDUAL 

30300831    - 

30300834  RESIDUAL 

561 

30400401       - 

30400414  RESIDUAL 

30300899    - 

RESIDUAL 

562 

30400499      - 

RESIDUAL 

30300901    - 

RESIDUAL 

563 

30400501      - 

30400513  RESIDUAL 

30300904    - 

30300908  RESIDUAL 

564 

30400521      - 

30400528  RESIDUAL 

30300910    - 

30300919  RESIDUAL 

565 

30400599      - 

RESIDUAL 

30300921    - 

30300925  RESIDUAL 

566 

30400601      - 

RESIDUAL 

30300998    - 

30300999  RESIDUAL 

567 

30400699      - 

RESIDUAL 

30301001    - 

30301026  RESIDUAL 

568 

30400701      - 

30400718  RESIDUAL 

30301099    - 

RESIDUAL 

569 

30400720      - 

30400726  RESIDUAL 

30301101    - 

30301102  RESIDUAL 

570 

30400730      - 

30400731  RESIDUAL 

30301199    - 

RESIDUAL 

571 

30400799      - 

RESIDUAL 

30301201    - 

30301202  RESIDUAL 

572 

30400801      - 

30400812  RESIDUAL 

30301299    - 

RESIDUAL 

573 

30400814      - 

RESIDUAL 

30301301    - 

30301403  RESIDUAL 

574 

30400818      - 

RESIDUAL 

30301499    - 

RESIDUAL 

575 

30400824      - 

RESIDUAL 

30302301    - 

30302316  RESIDUAL 

576 

30400828      - 

RESIDUAL 

30302321    - 

30302322  RESIDUAL 

577 

30400834      - 

RESIDUAL 

30302401    - 

3030241 1  RESIDUAL 

578 

30400838      • 

RESIDUAL 

30302499    - 

RESIDUAL 

579 

30400840      - 

30400843  RESIDUAL 

30303001    - 

30303012  RESIDUAL 

580 

30400851      - 

30400855  RESIDUAL 

30303014    - 

30303016  RESIDUAL 

581 

30400861      - 

30400877  RESIDUAL 

30303099    - 

RESIDUAL 

582 

30400899      - 

RESIDUAL 

30388801    - 

30388805  RESIDUAL 

583 

30400901      - 

RESIDUAL 

30390001    - 

30390004  RESIDUAL 

584 

30400999      - 

RESIDUAL 

30390011    - 

30390014  RESIDUAL 

585 

30401001      - 

30401002  RESIDUAL 

30390023    - 

30390024  RESIDUAL 

586 

30401004      - 

30401008  RESIDUAL 

30390093    - 

RESIDUAL 

587 

30401010      - 

30401011  RESIDUAL 

30399999    - 

RESIDUAL 

588 

30401099      - 

RESIDUAL 

30400101    - 

30400114  RESIDUAL 

589 

30402001      - 

30402004  RESIDUAL 

30400120    - 

RESIDUAL 

590 

30402099      - 

RESIDUAL 

30400150    - 

RESIDUAL 

591 

30402201      - 

RESIDUAL 

30400199    - 

RESIDUAL 

592 

30402210      - 

RESIDUAL 

30400204    . 

RESIDUAL 

593 

30404001      - 

RESIDUAL 

30400207    - 

30400212  RESIDUAL 

594 

30404901      - 

30405001  RESIDUAL 

30400214    - 

30400215  RESIDUAL 

595 

30405099      - 

RESIDUAL 

30400217    - 

RESIDUAL 

596 

30488801      - 

30488805  RESIDUAL 

30400219    - 

30400221  RESIDUAL 

597 

30490001      - 

30490004  RESIDUAL 

30400223    - 

30400224  RESIDUAL 

598 

30490011      - 

30490014  RESIDUAL 

30400230    - 

30400239  RESIDUAL 

599 

30490023      - 

30490024  RESIDUAL 

30400299    - 

RESIDUAL 

600 

30499999      • 

RESIDUAL 

Sec  aggregations  and  sector  classifications 


Record 

Sec  Range 

Sector 

Record 

Sec  Range 

Sector 

601 

30500101    - 

30500105  RESIDUAL 

651 

30501991      - 

RESIDUAL 

602 

30500110    - 

30500113  RESIDUAL 

652 

30501999      - 

RESIDUAL 

603 

30500198    - 

RESIDUAL 

653 

30502001      - 

30502016  RESIDUAL 

604 

30500201    - 

30500208  RESIDUAL 

654 

30502020      - 

RESIDUAL 

605 

30500298    - 

30500299  RESIDUAL 

655 

30502099      - 

RESIDUAL 

606 

30500301    - 

30500304  RESIDUAL 

656 

30502101      - 

30502106  RESIDUAL 

607 

30500307    - 

30500309  RESIDUAL 

657 

30502192      - 

RESIDUAL 

608 

30500311    - 

30500316  RESIDUAL 

658 

30502201      - 

RESIDUAL 

609 

30500394    - 

RESIDUAL 

659 

30502299      - 

RESIDUAL 

610 

30500398    - 

30500399  RESIDUAL 

660 

30502401      - 

RESIDUAL 

611 

30500401    - 

30500406  RESIDUAL 

661 

30502499      - 

RESIDUAL 

612 

30500501    - 

30500505  RESIDUAL 

662 

30502501      - 

30502511  RESIDUAL 

613 

30500598    - 

30500599  RESIDUAL 

663 

30502599      - 

RESIDUAL 

614 

30500606    - 

30500619  RESIDUAL 

664 

30502601      - 

RESIDUAL 

615 

30500699    - 

RESIDUAL 

665 

30502699      - 

RESIDUAL 

616 

30500706    - 

30500712  RESIDUAL 

666 

30503099      - 

RESIDUAL 

617 

30500714    - 

30500719  RESIDUAL 

667 

30503101      - 

30503111  RESIDUAL 

618 

30500799    - 

RESIDUAL 

668 

30503199      - 

RESIDUAL 

619 

30500801    - 

30500803  RESIDUAL 

669 

30503201      - 

30503206  RESIDUAL 

620 

30500899    - 

RESIDUAL 

670 

30503299      - 

RESIDUAL 

621 

30500901    - 

30500910  RESIDUAL 

671 

30503301      - 

RESIDUAL 

622 

30500999    - 

RESIDUAL 

672 

30504001      - 

30504003  RESIDUAL 

623 

30501001     - 

30501017  RESIDUAL 

673 

30504010      - 

30504025  RESIDUAL 

624 

30501021    - 

30501024  RESIDUAL 

674 

30504030      - 

30504034  RESIDUAL 

625 

30501030    - 

30501050  RESIDUAL 

675 

30504036      - 

RESIDUAL 

626 

30501090    - 

30501093  RESIDUAL 

676 

30504099      - 

RESIDUAL 

627 

30501099    - 

RESIDUAL 

677 

30510001      - 

30510007  RESIDUAL 

628 

30501101    - 

RESIDUAL 

678 

30510101      - 

30510108  RESIDUAL 

629 

30501106    - 

30501115  RESIDUAL 

679 

30510196      - 

30510199  RESIDUAL 

630 

30501120    - 

RESIDUAL 

680 

30510201      - 

30510208  RESIDUAL 

631 

30501199    • 

RESIDUAL 

681 

30510296      - 

30510299  RESIDUAL 

632 

30501201    - 

30501209  RESIDUAL 

682 

30510301      - 

30510308  RESIDUAL 

633 

30501211    - 

30501215  RESIDUAL 

683 

30510396      - 

30510399  RESIDUAL 

634 

30501221    - 

30501224  RESIDUAL 

684 

30510401       - 

30510408  RESIDUAL 

635 

30501299    - 

RESIDUAL 

685 

30510496      - 

30510499  RESIDUAL 

636 

30501301    - 

RESIDUAL 

686 

30510501      - 

30510508  RESIDUAL 

637 

30501399    - 

RESIDUAL 

687 

30510596      - 

30510599  RESIDUAL 

638 

30501401    - 

30501404  RESIDUAL 

688 

30515001      - 

30515005  RESIDUAL 

639 

30501406    - 

30501408  RESIDUAL 

689 

30588801      - 

30588805  RESIDUAL 

640 

30601410    - 

30501415  RESIDUAL 

690 

30590001      - 

30590003  RESIDUAL 

641 

30501499    - 

RESIDUAL 

691 

30590011      - 

30590023  RESIDUAL 

642 

30501501    - 

30501522  RESIDUAL 

692 

30600101      - 

30600108  RESIDUAL 

643 

30501599    - 

RESIDUAL 

693 

30600195      - 

RESIDUAL 

644 

30501601    - 

30501617  RESIDUAL 

694 

30600199      - 

RESIDUAL 

645 

30501699    - 

RESIDUAL 

695 

30600201      - 

30600202  RESIDUAL 

646 

30501701    - 

30501705  RESIDUAL 

696 

30600299      - 

RESIDUAL 

647 

30501799    - 

RESIDUAL 

697 

30600301       - 

30600402  RESIDUAL 

648 

30501801    - 

RESIDUAL 

698 

30600503      - 

30600506  RESIDUAL 

649 

30501899    - 

RESIDUAL 

699 

30600601       - 

30600603  RESIDUAL 

650 

30501901    - 

30501905  RESIDUAL 

700 

30600701       - 

30600702  RESIDUAL 

cc  aggregations  and  sector  classifications 


Sec  Range 

Sector 

Record 

Sec  Range 

Sector 

30600801 

-    30600807  RESIDUAL 

751 

30800701      - 

30800705  RESIDUAL 

30600999 

RESIDUAL 

752 

30800720      - 

30800724  RESIDUAL 

30601001 

-    30601101  RESIDUAL 

753 

30800799      - 

RESIDUAL 

30601199 

RESIDUAL 

754 

30890001       - 

30890003  RESIDUAL 

30601201 

RESIDUAL 

755 

30890011      - 

30890023  RESIDUAL 

30601599 

RESIDUAL 

756 

30899999      - 

RESIDUAL 

30609901 

■    30609904  RESIDUAL 

757 

30900198      - 

30900199  RESIDUAL 

30610001 

RESIDUAL 

758 

30900201       - 

30900208  RESIDUAL 

30610099 

RESIDUAL 

759 

30d00298      - 

30900299  RESIDUAL 

30688801 

-    30688805  RESIDUAL 

760 

30900301       - 

30900304  RESIDUAL 

30699999 

RESIDUAL 

761 

30900399      - 

RESIDUAL 

30700101 

■    30700110  RESIDUAL 

762 

30901001       - 

RESIDUAL 

30700184 

•    30700186  RESIDUAL 

763 

30901097      - 

30901098  RESIDUAL 

30700194 

RESIDUAL 

764 

30901101      - 

30901104  RESIDUAL 

30700196 

RESIDUAL 

765 

30901199      - 

RESIDUAL 

30700199 

RESIDUAL 

766 

30901604      . 

30901607  RESIDUAL 

30700201 

30700205  RESIDUAL 

767 

30902501       - 

RESIDUAL 

30700208 

30700215  RESIDUAL 

768 

30903005      - 

30903006  RESIDUAL 

30700221    • 

30700223  RESIDUAL 

769 

30904001      - 

RESIDUAL 

30700231    • 

30700234  RESIDUAL 

770 

30904010      - 

30904020  RESIDUAL 

30700299    ■ 

RESIDUAL 

771 

30906001       - 

RESIDUAL 

30700301    ■ 

30700304  RESIDUAL 

772 

30906099      - 

RESIDUAL 

30700401    ■ 

30700402  RESIDUAL 

773 

30988801       - 

30988805  RESIDUAL 

30700499    ■ 

RESIDUAL 

774 

30990001       - 

30990003  RESIDUAL 

30700501    - 

RESIDUAL 

775 

3099001 1       - 

30990023  RESIDUAL 

30700597    • 

30700599  RESIDUAL 

776 

30999997      - 

30999999  RESIDUAL 

30700701    ■ 

30700709  RESIDUAL 

777 

31000101       - 

31000105  RESIDUAL 

30700711    - 

30700715  RESIDUAL 

778 

31000199      - 

RESIDUAL 

30700798    - 

30700799  RESIDUAL 

779 

31000201       - 

31000207  RESIDUAL 

30700801    - 

30700808  RESIDUAL 

780 

31000293      - 

RESIDUAL 

30700881    - 

RESIDUAL 

781 

31000298      - 

31000299  RESIDUAL 

30700886    - 

RESIDUAL 

782 

31000401       - 

31000405  RESIDUAL 

30700891    - 

RESIDUAL 

783 

31000411      - 

31000415  RESIDUAL 

30700896    - 

30700899  RESIDUAL 

784 

31000494      - 

RESIDUAL 

30701199    - 

RESIDUAL 

785 

31088801      • 

31088805  RESIDUAL 

30701301    - 

RESIDUAL 

786 

31100199      - 

31100299  RESIDUAL 

30701399    - 

RESIDUAL 

787 

31299999      • 

RESIDUAL 

30702098    ■ 

30702099  RESIDUAL 

788 

31307001      - 

31307002  RESIDUAL 

30703001    - 

30703002  RESIDUAL 

789 

31390001      - 

31390003  RESIDUAL 

30703096    ■ 

30703099  RESIDUAL 

790 

31399999      - 

RESIDUAL 

30788801    ■ 

30788805  RESIDUAL 

791 

31400901      - 

RESIDUAL 

30788898    - 

RESIDUAL 

792 

31400999      - 

RESIDUAL 

30790001    - 

30790004  RESIDUAL 

793 

31401001      - 

31401002  RESIDUAL 

30790011    - 

30790023  RESIDUAL 

794 

31401101      - 

31401102  RESIDUAL 

30790093    • 

RESIDUAL 

795 

31499999      • 

RESIDUAL 

30799998    - 

30799999  RESIDUAL 

796 

31501001      - 

31501003  RESIDUAL 

30800101    ■ 

30800123  RESIDUAL 

797 

31502001      - 

RESIDUAL 

30800197    - 

30800199  RESIDUAL 

798 

32099997      - 

32099999  RESIDUAL 

30800501    - 

RESIDUAL 

799 

33000101      - 

33000105  RESIDUAL 

30800699    - 

RESIDUAL 

800 

33000198      • 

33000199  RESIDUAL 

EM  992 


3CC  aggregations  and  sector  classifications 


Record 

Sec  Range 

Sector 

Record 

Sec  Range 

Sector 

801 

33000211    - 

33000214  RESIDUAL 

851 

50200901      - 

RESIDUAL 

802 

33000298    - 

33000599  RESIDUAL 

852 

50290005      - 

50290006  RESIDUAL 

802 

33088801    - 

33088805  RESIDUAL 

853 

50290010      - 

RESIDUAL 

804 

36000101    - 

RESIDUAL 

854 

50300101      - 

50300109  RESIDUAL 

805 

39000189    - 

39000199  RESIDUAL 

855 

50300195      - 

50300196  RESIDUAL 

806 

39000201    - 

RESIDUAL 

856 

50300199      - 

RESIDUAL 

807 

39000203    . 

RESIDUAL 

857 

50300201      - 

50300204  RESIDUAL 

808 

39000288    - 

39000299  RESIDUAL 

858 

50300501      - 

RESIDUAL 

809 

39000389    - 

39000399  RESIDUAL 

859 

50300506      - 

RESIDUAL 

810 

39000402    - 

39000403  RESIDUAL 

860 

50300601      • 

50300603  RESIDUAL 

811 

39000489    - 

39000499  RESIDUAL 

861 

50300701      - 

RESIDUAL 

812 

39000502    - 

39000503  RESIDUAL 

862 

50300901      - 

RESIDUAL 

813 

39000589    - 

RESIDUAL 

863 

50390005      - 

50390006  RESIDUAL 

814 

39000598    - 

39000599  RESIDUAL 

864 

50390010      - 

RESIDUAL 

815 

39000602    - 

39000603  RESIDUAL 

865 

30118101      - 

30118110  SOLVENT 

816 

39000689    - 

39000699  RESIDUAL 

866 

30118180      - 

SOLVENT 

817 

39000701    - 

39000702  RESIDUAL 

867 

30125805      - 

30125807  SOLVENT 

818 

39000788    - 

39000789  RESIDUAL 

868 

30125815      - 

30125817  SOLVENT 

819 

39000797    - 

39000799  RESIDUAL 

869 

30102101      - 

30102108  SOLVENTS 

820 

39000889    - 

39000899  RESIDUAL 

870 

30102421      - 

30102427  SOLVENTS 

821 

39000989    • 

39000999  RESIDUAL 

871 

30201916      - 

30201920  SOLVENTS 

822 

39001089    - 

39001099  RESIDUAL 

872 

40100301      - 

40100306  SOLVENTS 

823 

39001299    - 

RESIDUAL 

873 

40100335      - 

40100336  SOLVENTS 

824 

39001389    - 

39001399  RESIDUAL 

874 

40100398      - 

40100399  SOLVENTS 

825 

39990001    - 

39990004  RESIDUAL 

875 

40188801      - 

40188805  SOLVENTS 

826 

39990011    - 

39990014  RESIDUAL 

876 

40188898      - 

SOLVENTS 

827 

39990023    - 

39990024  RESIDUAL 

877 

40200601      - 

SOLVENTS 

828 

39999993    - 

39999996  RESIDUAL 

878 

40200610      - 

SOLVENTS 

829 

39999998    - 

39999999  RESIDUAL 

879 

40200701      - 

SOLVENTS 

830 

40100499    - 

RESIDUAL 

880 

40200706      - 

40200707  SOLVENTS 

831 

40600248    - 

40600251  RESIDUAL 

881 

40200710      . 

SOLVENTS 

832 

40600253    - 

40600257  RESIDUAL 

882 

40200801      - 

SOLVENTS 

833 

40600299    - 

RESIDUAL 

883 

40200810      - 

SOLVENTS 

834 

40688801    - 

40688805  RESIDUAL 

884 

40200898      - 

SOLVENTS 

835 

49000301    - 

49000304  RESIDUAL 

885 

40200901      - 

40200929  SOLVENTS 

836 

49000399    - 

RESIDUAL 

886 

40200998      • 

SOLVENTS 

837 

50100101    - 

50100103  RESIDUAL 

887 

40201001      - 

40201004  SOLVENTS 

838 

50100191    - 

50100202  RESIDUAL 

888 

40201101      - 

SOLVENTS 

839 

50100504    - 

50100508  RESIDUAL 

889 

40201103      - 

40201105  SOLVENTS 

840 

50100610    - 

50100512  RESIDUAL 

890 

40201111      - 

40201116  SOLVENTS 

841 

50100592    - 

RESIDUAL 

891 

40201199      - 

SOLVENTS 

842 

50100599    - 

RESIDUAL 

892 

40201201      - 

SOLVENTS 

843 

50100601    - 

50100604  RESIDUAL 

893 

40201210      - 

SOLVENTS 

844 

50190005    - 

50190006  RESIDUAL 

894 

40201301       - 

SOLVENTS 

845 

50190010    - 

RESIDUAL 

895 

40201303      - 

40201305  SOLVENTS 

846 

50200101    - 

50200105  RESIDUAL 

896 

40201399      - 

SOLVENTS 

847 

50200201    - 

50200202  RESIDUAL 

897 

40201401       - 

40201406  SOLVENTS 

848 

50200301     - 

50200302  RESIDUAL 

898 

40201431       - 

40201438  SOLVENTS 

849 

50200505    - 

50200506  RESIDUAL 

899 

40201499      - 

SOLVENTS 

850 

50200591     - 

50200602  RESIDUAL 

900 

40201501      - 

40201505  SOLVENTS 

Sec  aggregations  and  sector  classifications 


Record 

Sec  Range 

Sector 

Record 

Sec  Range 

Sector 

901 

40201531 

SOLVENTS 

951 

30102608      - 

30102617  VAPOUR 

902 

40201599 

SOLVENTS 

952 

30103299      - 

VAPOUR 

903 

40201601 

-    40201606  SOLVENTS 

953 

30112514      - 

301 12515  VAPOUR 

904 

40201619 

-    40201632  SOLVENTS 

954 

30115701      - 

30115702  VAPOUR 

905 

40201699 

SOLVENTS 

955 

30116701       - 

301 16704  VAPOUR 

906 

40201701 

-    40201705  SOLVENTS 

956 

30125880      - 

VAPOUR 

907 

40201731 

-    40201736  SOLVENTS 

957 

30187001       - 

30187010  VAPOUR 

908 

40201799 

SOLVENTS 

958 

30187096      - 

30187098  VAPOUR 

909 

40201801 

SOLVENTS 

959 

30187501       - 

30187502  VAPOUR 

910 

40201803 

-    40201806  SOLVENTS 

960 

30187597      - 

30187598  VAPOUR 

911 

40201899 

SOLVENTS 

961 

30188501       - 

30188505  VAPOUR 

912 

40201901 

SOLVENTS 

962 

30188599      - 

VAPOUR 

913 

40201903 

-    40201904  SOLVENTS 

963 

30201001      - 

30201004  VAPOUR 

914 

40201999 

SOLVENTS 

964 

30500499      - 

VAPOUR 

915 

40202001 

•    40202005  SOLVENTS 

965 

30599999      - 

VAPOUR 

916 

40202031 

■    40202034  SOLVENTS 

966 

30600583      - 

VAPOUR 

917 

40202099 

SOLVENTS 

967 

30600585      - 

30600586  VAPOUR 

918 

40202101 

SOLVENTS 

968 

30600593      - 

VAPOUR 

919 

40202103 

40202109  SOLVENTS 

969 

30600811       - 

30600822  VAPOUR 

920 

40202131 

40202133  SOLVENTS 

970 

30600885      - 

VAPOUR 

921 

40202199    ■ 

SOLVENTS 

971 

30600901       - 

30600904  VAPOUR 

922 

40202201    • 

40202205  SOLVENTS 

972 

30601401       - 

VAPOUR 

923 

40202299    ■ 

SOLVENTS 

973 

40300101      - 

40300107  VAPOUR 

924 

40202301    • 

40202306  SOLVENTS 

974 

40300150      - 

40300152  VAPOUR 

925 

40202399    • 

SOLVENTS 

975 

40300191      - 

40300194  VAPOUR 

926 

40202401    - 

40202406  SOLVENTS 

976 

40300201       - 

40300205  VAPOUR 

927 

40202499    ■ 

SOLVENTS 

977 

40300207      . 

VAPOUR 

928 

40202501    ■ 

40202505  SOLVENTS 

978 

40300291      - 

VAPOUR 

929 

40202531    - 

40202537  SOLVENTS 

979 

40300293      - 

VAPOUR 

930 

40202591    - 

SOLVENTS 

980 

40300302      - 

VAPOUR 

931 

40202599    - 

SOLVENTS 

981 

40301001      - 

40301021  VAPOUR 

932 

40202601    - 

40202607  SOLVENTS 

982 

40301097      - 

40301099  VAPOUR 

933 

40202699    ■ 

SOLVENTS 

983 

40301101      - 

40301135  VAPOUR 

934 

40288801    - 

40288805  SOLVENTS 

984 

40301140      - 

40301145  VAPOUR 

935 

40290023    • 

SOLVENTS 

985 

40301150      - 

40301155  VAPOUR 

936 

40299995    - 

40299998  SOLVENTS 

986 

40301197      - 

40301199  VAPOUR 

937 

49000101    - 

49000105  SOLVENTS 

987 

40301201      - 

40301207  VAPOUR 

938 

49000199    - 

SOLVENTS 

988 

40301299      - 

VAPOUR 

939 

49000201    - 

49000206  SOLVENTS 

989 

40388801      - 

40388805  VAPOUR 

940 

49000299    - 

SOLVENTS 

990 

40400101      - 

40400120  VAPOUR 

941 

49090011    - 

49090023  SOLVENTS 

991 

40400151      - 

40400154  VAPOUR 

942 

49099998    • 

49099999  SOLVENTS 

992 

40400201      - 

40400213  VAPOUR 

943 

27110    - 

271 1 1  VAPOUR 

993 

40400250      - 

40400251  VAPOUR 

944 

27120    - 

27160  VAPOUR 

994 

40400254      - 

VAPOUR 

945 

30101807    - 

30101822  VAPOUR 

995 

40400291      - 

VAPOUR 

946 

30101837    - 

30101840  VAPOUR 

996 

40400294      - 

VAPOUR 

947 

30101860    - 

30101861  VAPOUR 

997 

40400297      - 

40400298  VAPOUR 

948 

30101890    - 

30101894  VAPOUR 

998 

40400301      - 

40400305  VAPOUR 

949 

30101899    - 

VAPOUR 

999 

40400401      - 

40400414  VAPOUR 

950 

30101904    - 

30101907  VAPOUR 

1000 

40400497      - 

40400498  VAPOUR 

Sec  aggregations  and  sector  classifications 


Record 

Sec  Range 

Sector 

Record 

Sec  Range 

Sector 

1001 

40600101 

VAPOUR 

1051 

40706897      - 

40706898  VAPOUR 

1002 

40600126 

VAPOUR 

1052 

40707601      - 

40707602  VAPOUR 

1003 

40600130 

-    40600149  VAPOUR 

1053 

40707697      - 

40707698  VAPOUR 

1004 

40600151 

-    40600152  VAPOUR 

1054 

40708001      - 

40708002  VAPOUR 

1005 

40600160 

-    40600163  VAPOUR 

1055 

40708097      - 

40708098  VAPOUR 

1006 

40600231 

-    40600246  VAPOUR 

1056 

40708401      - 

40708404  VAPOUR 

1007 

40600259 

VAPOUR 

1057 

40708497      - 

40708498  VAPOUR 

1008 

40600301 

-    40600302  VAPOUR 

1058 

40717205      - 

40717212  VAPOUR 

1009 

40600305 

-    40600307  VAPOUR 

1059 

40717297      - 

40717298  VAPOUR 

1010 

40600350 

VAPOUR 

1060 

40717601       - 

40717604  VAPOUR 

1011 

40600353 

-    40600357  VAPOUR 

1061 

40717697      - 

40717698  VAPOUR 

1012 

40600360 

VAPOUR 

1062 

40720801      - 

40720804  VAPOUR 

1013 

40600362 

-    40600363  VAPOUR 

1063 

40720897      - 

40720898  VAPOUR 

1014 

40600367 

VAPOUR 

1064 

40722001      - 

40722010  VAPOUR 

1015 

40600380 

-    40600403  VAPOUR 

1065 

40722097      - 

40722098  VAPOUR 

1016 

40600450 

VAPOUR 

1066 

40722801      - 

40722806  VAPOUR 

1017 

40600453 

-    40600457  VAPOUR 

1067 

40722897      - 

40722898  VAPOUR 

1018 

40600460 

VAPOUR 

1068 

40723201       - 

40723202  VAPOUR 

1019 

40600462 

-    40600463  VAPOUR 

1069 

40723297      - 

40723298  VAPOUR 

1020 

40600467 

VAPOUR 

1070 

40781201       - 

40781202  VAPOUR 

1021 

40600480 

-    40600491  VAPOUR 

1071 

40781601       - 

40781605  VAPOUR 

1022 

40700401 

-    40700402  VAPOUR 

1072 

40781699      - 

VAPOUR 

1023 

40700497 

-    40700498  VAPOUR 

1073 

40782001      - 

4078201 1  VAPOUR 

1024 

40700801 

-    40700818  VAPOUR 

1074 

40782099      - 

VAPOUR 

1025 

40700897 

-    40700898  VAPOUR 

1075 

40782401       - 

VAPOUR 

1026 

40701601 

-    40701606  VAPOUR 

1076 

40782499      - 

VAPOUR 

1027 

40701609 

-    40701614  VAPOUR 

1077 

40783201      - 

40783203  VAPOUR 

1028 

40701697 

-    40701698  VAPOUR 

1078 

40783299      - 

VAPOUR 

1029 

40702001 

-    40702004  VAPOUR 

1079 

40784801      - 

VAPOUR 

1030 

40702097 

-    40702098  VAPOUR 

1080 

40784899      - 

VAPOUR 

1031 

40703201 

-    40703206  VAPOUR 

1081 

40786001      - 

40786004  VAPOUR 

1032 

40703297 

-    40703298  VAPOUR 

1082 

40786099      - 

VAPOUR 

1033 

40703601 

-    40703624  VAPOUR 

1083 

40786401      - 

VAPOUR 

1034 

40703697 

-    40703698  VAPOUR 

1084 

40786499      . 

VAPOUR 

1035 

40704001 

-    40704010  VAPOUR 

1085 

40787201      - 

VAPOUR 

1036 

40704097 

-    40704098  VAPOUR 

1086 

40787299      - 

VAPOUR 

1037 

40704401 

-    40704424  VAPOUR 

1087 

40799997      - 

40799998  VAPOUR 

1038 

40704497 

-    40704498  VAPOUR 

1088 

40899995      • 

VAPOUR 

1039 

40704801 

-    40704802  VAPOUR 

1089 

40899997      - 

VAPOUR 

1040 

40704897 

-    40704898  VAPOUR 

1090 

40899999      - 

VAPOUR 

1041 

40706201 

-    40705218  VAPOUR 

1091 

49000401      - 

49000405  VAPOUR 

1042 

40705297 

-    40705298  VAPOUR 

1092 

49000499      - 

VAPOUR 

1043 

40705601 

-    40705610  VAPOUR 

1093 

50100701      . 

50100704  VAPOUR 

1044 

40705697 

-    40705698  VAPOUR 

1045 

40706001 

-    40706024  VAPOUR 

1046 

40706097 

-    40706098  VAPOUR 

1047 

40706401 

-    40706404  VAPOUR 

1048 

40706497 

-    40706498  VAPOUR 

1049 

40706801 

-    40706802  VAPOUR 

1050 

40706813 

-    40706814  VAPOUR 

OEM  992 

Appendix  E 
Area  sources  of  OEI 
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APPENDIX  E:  AREA  SOURCES  OF  OEI 


E-1 


Table  E-1    List  of  OEI  area  sources 


Ares  Source 

Codes  (SC) 

Sector  name 

1 

PASSENGER  (Gasoline) 

2 

PASSENGER  (Diesel) 

3 

TAXIS       (GasoUne) 

4. 

TAXIS       (Diesel) 

5 

LD  TRUCKS  (Gasoline) 

6 

LD  TRUCKS  (Diesel) 

7 

MD  TRUCKS  (Gasoline) 

8 

MD  TRUCKS  (Diesel) 

9 

HD  TRUCKS  (Gasoline) 

10 

HD  TRUCKS  (Diesel) 

11 

BUSES       (Gasoline) 

12 

BUSES       (Diesel) 

13 

MOTORCYCLE  (Gasoline) 

20 

AGRI£NG.  (Gasoline) 

21 

AGRI.ENG.  (Diesel) 

22 

CONST£NG,(Diesel) 

23 

INDUS.ENG.(Diesel) 

24 

LAWNMOWERS 

25 

SNOWMOBILES 

28 

RAILROAD  (Diesel) 

33 

AIRCRAFTS-Jets 

34 

AIRCRAFTS-Tuibo 

35 

AIRCRAFTS-Piston 

36 

AIRCRAFTS-Helicopters 

38 

SHIPPING   (Diesel) 

39 

SHIPPING   (Res.Oil) 

40 

PLEASURE  CRAFTS 

50 

RES.  SD   (Dist.Oa) 

51 

RES.  SD  (Kerosine) 

52 

RES.  SD   (Nat.  Gas) 

53 

RES.  SD  (BoU.Gas) 

54 

RES.  SD  (Wood) 

Base  quaBtity  unit 

1000  VKT 
1000  VKT 
1000  VKT 
1000  VKT 
1000  VKT 
1000  VKT 
1000  VKT 
1000  VKT 
1000  VKT 
1000  VKT 
1000  VKT 
1000  VKT 
1000  VKT 
1000  LITRES 
1000  LITRES 
1000  LITRES 
1000  LITRES 
UNIT 
UNIT 

1000  LITRES 
LTO  CYCLES 
LTO  CYCLES 
LTO  CYCLES 
LTO  CYCLES 
1000  LITRES 
1000  LITRES 
1000  HP-HR 
1000  LITRES 
1000  LITRES 
1000  M' 
M' 
TONNES 
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APPENDIX  E:  AREA  SOURCES  OF  OEI 


E-2 


Table  E-1    List  of  OEI  area  sources 


Ares  Source 

Codes  (SQ  Sector  name 

60  RES.  MD   (Dist.Oil) 

61  RES.  MD  (Nat.  Gas) 

62  RES.  MD  (Resi.Oil) 

65  COM/INS.  (DistOU) 

66  COM/INS.  (Kerosine) 

67  COM/INS.  (Nat.  Gas) 

68  COM/INS.  (BoU.Gas) 

69  COM/INS.  (Resi.Oil) 

71  INDUSTR.  (Dist.OU) 

72  INDUSTR.  (Kerosine) 

73  INDUSTR.  (Nat  Gas) 

74  INDUSTR.  (Botl.Gas) 

75  INDUSTR.  (Resi.OU) 

76  INDUSTR.  (Ugnite) 

77  INDUSTR.  (Anthracite) 

78  INDUSTR.  (Bituminous) 

79  MUN.WST.  (Open  Pit) 

80  MUN.WST.  (Refuse) 

81  MUN.WST.  (Sew.Sludge) 

82  IND.WST.  (Wood  Incin) 

83  IND.WST.  (Gas   Incin) 

85  APT.  INCIN. 

86  WOOD  WST.(Boilers) 

87  FOREST  FIRES 

88  STRUCTURAL  FIRES 

89  PRESCRIBED  FIRES 

90  MAJOR  HIGHWAYS 

91  OTHER  HIGHWAYS 

92  AIRCRAFT-INFLIGHT 

100  TOTAL  VOC  EVAP  PROCESSES 

101  STAGE  1  GASOLINE  EVAPORAT 

102  STAGE  II  GASOLINE  EVAPORA 


Base  quantity  unit 

1000  LITRES 

1000  M' 

1000  LITRES 

1000  LITRES 

1000  LITRES 

1000  M' 

M' 

1000  LITRES 

1000  LITRES 

1000  LITRES 

1000  M' 

M' 

1000  LITRES 

TONNES 

TONNES 

TOIWES 

TONNES 

TONNES 

TONNES 

TONNES 

1000  M' 

TONNES 

TONNES 

TONNES 

TONNES 

TONNES 

1000  VKT 

1000  VKT 

o/a 

n/a 

1000  LITRES 

1000  LITRES 
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APPENDIX  E:  AREA  SOURCES  OF  OEI 


E-3 


TaWe  E-1    List  of  OEI  area  sources 


Ares  Source 

Codes  (SC) 

Sector  name 

103 

GASOLINE  LOADING/TRANSrr 

104 

SM.  INDyCOMM.  DECREASING 

105 

DRYO.FANING 

106 

ARCH.  SURFACE  COATING 

107 

AUTO  BODY  REFINISHING 

108 

SM.  IND.  SURFACE  COATING 

109 

GRAPHIC  ARTS 

110 

COMMVCONS.  SOLVENT  USE 

111 

CUTBACK  ASPHALT 

112 

HERBICIDES/TRL'^ZINE 

113 

HERBICIDES/PHENOXY 

114 

HERBICIDES/OTHER 

115 

INSECTICIDES 

116 

NEMATOCIDES 

117 

FUNGICIDES 

118 

GROWTH  REGULATORS 

119 

LANDFILLS 

120 

CIGARbTI  E  SMOKING 

121 

VEGETATION/BOREAL-BARRENS 

122 

VEGETATION/BOREAL-FOREST 

123 

VEGETATION/GREAT  LAKES  FO 

124 

VEGETATlON/AGRI-WOdDLAND 

125 

SOILS  AND  WETLAND 

126 

ANIMALS  -  CATTLE 

127 

ANIMALS  -  PIGS 

128 

ANIMALS  -  SHEEP 

129 

ANIMALS  -  WILDLIFE 

130 

NATURAL  GAS  LEAKS 

131 

SMALL  IND.-VEGETATION  OIL 

132 

SMALL  IND.-ALCOHOLIC  BEVE 

133 

SMALL  IND.-TEXTILE  FINISH 

134 

SMALL  IND.-PLASTICS  AND  R 

Base  quantity  unit 

1000  LITRES 

CAPITA 

CAPITA 

CAPITA 

CAPITA 

CAPITA 

CAPITA 

CAPITA 

TONNES 

TONNES 

TONNES 

TONNES 

TONNES 

TONNES 

TONNES 

TONNES 

TONNES 

CIGARETT 

KM' 

KM' 

KM' 

KM' 

KM' 

CATTLE 

PIG 

SHEEP 

WILDLIFE 

1,000  M' 

EMPLOYEE 

EMPLOYEE 

EMPLOYEE 

EMPLOYEE 
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APPENDIX  E:  AREA  SOURCES  OF  OEI 


E^ 


Table  E-1    List  of  OEI  area  sources 


Ares  Source 

Codes  (SO 

Sector  name 

135 

SMALL  IND.-RUBBER  MANUFAC 

136 

SMALL  IND.-PAINT  MANUFACT 

137 

SMALL  IND.-BREAD  BAKING 

138 

OIL  PRODUCTION 

190 

LDV/TIREWEAR 

191 

LDT/TIREWEAR 

192 

LDT2mREWEAR 

193 

HDV/GASOUNEmRE  WEAR 

194 

HDV/DIESEL/TIRE  WEAR 

195 

MCmREWEAR 

SOURCE: 

OMOE  1992b. 

Base  quantity  unit 

EMPLOYEE 

EMPLOYEE 

EMPLOYEE 

M' 

I.OOOVKT 

1,000  VKT 

I.OOOVKT 

I.OOOVKT 

I.OOOVKT 

I.OOOVKT 
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Summary  of  NO^A^OC 

base  case  and 

projected  emissions 

from  mobile  sources 
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APPENDIX  F:  SUMMARY  OF  NO/VOC  BASE  CASE  AND 
PROJECTED  EMISSIONS  FROM  MOBILE  SOURCES 


F-1 


Table  F-1  SOC  NO,  base  case  and  projected  emissions  from  on-road  mobUe  sources  (t/a), 
1985-2005 


Mobile  source 

1985 

1990 

1995 

2000 

2005 

Passenger  (Gasoline) 

74  404 

54  454 

34  310 

27  565 

29  956 

Passenger  (Diesel) 

674 

865 

956 

785 

852 

Taxis  (Gasoline) 

5  337 

3  906 

2  461 

1  977 

2  149 

Taxis  (Diesel) 

46 

59 

66 

54 

58 

Light  duty  trucks  (Gasoline) 

8  120 

7  065 

6  112 

5  806 

6  084 

Light  duty  trucks  (Diesel) 

252 

371 

467 

469 

454 

Medium  duty  trucks  (Gasoline) 

6  982 

9  281 

10  130 

11  321 

12  715 

Medium  duty  trucks  (Diesel) 

717 

888 

751 

723 

786 

Heavy  duty  trucks  (Gasoline) 

634 

843 

920 

1  028 

1  155 

Heavy  duty  trucks  (Diesel) 

37  752 

46  759 

39  540 

38  082 

41  354 

Buses  (Gasoline) 

601 

799 

871 

974 

1  094 

Buses  (Diesel) 

3  675 

4  552 

3  849 

3  707 

4  026 

Motorcycles  (Gasoline) 

152 

156 

157 

157 

155 

Total 

139  347 

129  998 

100  590 

92  649 

100  838 

1985  base  year  emissions  from  OMOE  (1992b). 

1990  to  2005  projected  emissions  based  on  the  estimated 
annual  vehicle  kilometres  travelled  (OMTO  1988)  and 
MOBILE  4.1C,  g/kilometre,  emissions  factors 
(Environment  Canada  1991). 

OMOE  1992b;  OMTO  1988;  Environment  Canada  1991. 
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APPENDIX  F:  SUMMARY  OF  NO/VOC  BASE  CASE  AND 
PROJECTED  EMISSIONS  FROM  MOBILE  SOURCES 


F-2 


Table  F-2  Ontario  base  case  and  projected  NO,  emissions  from  on-road  mobile  sources  (t/a), 
1985-2005 


Mobile  source 

1985 

1990 

1995 

2000 

2005 

Passenger  (Gasoline) 

85  065 

62  257 

39  226 

31515 

34  248 

Passenger  (Diesel) 

770 

988 

1  092 

897 

974 

Taxis  (Gasoline) 

6  101 

4465 

2  813 

2  260 

2  456 

Taxis  (Diesel) 

52 

67 

74 

61 

66 

Light  duty  trucks  (Gasoline) 

10  768 

9  369 

8  104 

7  699 

8068 

Light  duty  trucks  (Diesel) 

333 

490 

618 

621 

600 

Medium  duty  trucks  (Gasoline) 

9  259 

12  308 

13  433 

15  013 

16  862 

Medium  duty  trucks  (Diesel) 

950 

1177 

995 

958 

1041 

Heavy  duty  trucks  (Gasoline) 

840 

1  117 

1  219 

1363 

1530 

Heavy  duty  trucks  (Diesel) 

50  065 

62  009 

52  436 

50  503 

54  842 

Buses  (Gasoline) 

700 

930 

1  015 

1  134 

1274 

Buses  (Diesel) 

5  160 

6  391 

5404 

5  205 

5  652 

Motorcycles  (Gasoline) 

185 

190 

190 

190 

189 

Total 

170  249 

161758 

126  622 

117  419 

127  803 

SOURCES: 


1985  base  year  emissions  from  OMOE  (1992b). 

1990  to  2005  projected  emissions  based  on  the 
estimated  annual  vehicle  kilometres  travelled  (OMTO 
1988)  and  MOBILE  4.1C,  g/kilometre,  emissioris 
factors  (Environment  Canada  1991). 

OMOE  1992b;  OMTO  1988;  Enviroiunent  Canada  1991. 
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APPENDIX  F:  SUMMARY  OF  NO/VOC  BASE  CASE  AND 
PROJECTED  EMISSIONS  FROM  MOBILE  SOURCES 


F-3 


Table  F-3  SOC  VOC  base  case  and  projected  emissions  from  on-road  mobile  sources  (t/a), 
1985-2005 


Mobile  source 

1985 

1990 

1995 

2000 

2005 

Passenger  (Gasoline) 

89  581 

71  583 

56  208 

52  160 

57  494 

Passenger  (Diesel) 

193 

294 

352 

285 

305 

Taxis  (Gasoline) 

6  427 

5  135 

4  032 

3  742 

4  125 

Taxis  (Diesel) 

12 

18 

21 

17 

18 

Light  duty  trucks  (Gasoline) 

13  296 

11  874 

10  520 

10  339 

11  086 

Light  duty  trucks  (Diesel) 

82 

149 

202 

203 

191 

Medium  duty  trucks  (Gasoline) 

11  433 

10  085 

8  837 

7  910 

8  250 

Medium  duty  trucks  (Diesel) 

243 

265 

291 

335 

394 

Heavy  duty  trucks  (Gasoline) 

941 

830 

727 

651 

679 

Heavy  duty  trucks  (Diesel) 

4  678 

5  105 

5  593 

6  446 

7  592 

Buses  (Gasoline) 

890 

785 

688 

616 

642 

Buses  (Diesel) 

455 

497 

544 

627 

739 

Motorcycles  (Gasoline) 

900 

643 

588 

575 

571 

Total 

129  130 

107  264 

88  604 

83  906 

92  087 

1985  base  year  emissions  from  OMOE  (1992b). 

1990  to  2005  projected  emissions  based  on  the  estimated 
annual  vehicle  kilometres  travelled  (OMTO  1988)  and 
MOBILE  4.1C,  g/kilometre,  emissions  factors 
(Environment  Canada  1991). 

OMOE  1992b;  OMTO  1988;  Environment  Canada  1991. 
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APPENDIX  F:  SUMMARY  OF  NOxA'OC  BASE  CASE  AND 
PROJECTED  EMISSIONS  FROM  MOBILE  SOURCES 


F-4 


Table  F-4  Ontario  VOC  base  case  and  projected  emissions  from  on-road  mobile  sources  (t/a), 
1985-2005 


Mobile  source 

1985 

1990 

1995 

2000 

2005 

Passenger  (Gasoline) 

102  417 

81841 

64  262 

59  634 

65  733 

Passenger  (Diesel) 

221 

336 

402 

325 

348 

Taxis  (Gasoline) 

7  347 

5  871 

4  610 

4  278 

4  715 

Taxis  (Ehesel) 

13 

20 

24 

19 

20 

Light  duty  trucks  (Gasoline) 

17  633 

15  747 

13  951 

13  712 

14  701 

Light  duty  trucks  (Diesel) 

109 

198 

269 

270 

255 

Medium  duty  trucks  (Gasoline) 

15  160 

13  373 

11  718 

10  488 

10  940 

Medium  duty  trucks  (Diesel) 

321 

351 

384 

443 

522 

Heavy  duty  trucks  (Gasoline) 

1247 

1  100 

964 

863 

900 

Heavy  duty  trucks  (Diesel) 

6  204 

6  771 

7  418 

8  550 

10  070 

Buses  (Gasoline) 

1039 

917 

803 

719 

750 

Buses  (Diesel) 

638 

697 

763 

880 

1036 

Motorcycles  (Gasoline) 

1095 

782 

715 

699 

694 

Total 

153  444 

128  002 

106  283 

100  879 

110  683 

NOTES: 


SOURCES: 


1985  base  year  emissions  from  OMOE  (1992b). 

1990  to  2005  projected  emissions  based  on  the 
estiniated  annual  vehicle  kilometres  travelled  (OMTO 
1988)  and  MOBILE  4.1C,  g/kilometre,  emissions 
factors  (Environment  Canada  1991). 

OMOE  1992b;  OMTO  1988;  Environment  Canada  1991. 
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APPENfDIX  F:  SUMMARY  OF  NO/VOC  BASE  CASE  AND 
PROJECTED  EMISSIONS  FROM  MOBILE  SOURCES 


F-5 


Table  F-5  SOC  and  Ontario  NO,  base  case  and  projected  emissions  from  rail,  air  and  marine 
activity  (t/a),  1985-2005 


Southern  Ontario  corridor 


Mobile  source 
Railroad  (Diesel)" 
Aircrafts-Jets'' 
Aircrafts-Turbo'' 
Aircrafts-Piston"^ 
Aircrafts-Helicopters'' 
Shipping  (Diesel)' 
Shipping  (Res.Oil)" 
Total 


1985 

1990" 

1995 

2000 

2005 

19  515 

21  467 

22  786 

24  186 

24  674 

1  443 

1  198 

1  389 

1  501 

1  617 

85 

70 

81 

88 

95 

5 

2 

2 

2 

2 

2 

2 

2 

2 

3 

2  551 

2  857 

3  139 

3  449 

3  536 

427 

915 

1  113 

1  154 

1  185 

24  028 

26  511 

28  512 

30  382 

31  HI 

Ontario 


Mobile  source 

Railroad  (Diesel)* 
Aircrafts-Jets'' 
Aircrafts-Turbo'' 
Aircrafts-Piston"^ 
Aircrafts-Hehcopters'' 
Shipping  (Diesel)" 
Shipping  (Res.Oil)' 
Total 


1985 

1990" 

1995 

2000 

2005 

27  695 

30  465  . 

32  337 

34  324 

35  016 

1  670 

1  386 

1  607 

1  737 

1  871 

145 

120 

140 

151 

163 

7 

3 

3 

3 

3 

5 

4 

4 

5 

5 

4  805 

5  381 

5  912 

6  496 

6  660 

805 

1  723 

2  096 

2  174 

2  233 

35  131 

39  082 

42  099 

44  888 

45  950 

1985  base  case  data  from  OMOE  {1992b). 

a  -  1990  to  2005  projection  based  on  NEB  (1991)  annual  change 

in  Canadian  rail/marine  final  energy  demand 
b    -  1990  to  2005  projection  baised  on  NEB  (1991)  final  energy 

demand  projection  Ontario  transportation  aviation  tuibo  fuel, 
c    -  1990  to  2005  projection  based  on  NEB  (1991)  final  energy 

demand  projection  Ontario  transportation  aviation  gasoline 

fiiel. 
d     -  1990  projection  based  on  change  in  final  energy  demand 

between  1985  and  1990  (Statistics  Canada  1986,  1991). 

Statistics  Canada  1986.  1991;  omoe  1992b;  NEB  1991. 
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APPENDIX  F:  SUMMARY  OF  NOxA^OC  BASE  CASE  AND 
PROJECTED  EMISSIONS  FROM  MOBILE  SOURCES 


F-6 


Table  F-6  SOC  and  Ontario  VOC  base  case  and  projected  emissions  from  rail,  air  and  marine 
activity  (t/a),  1985-2005 


Southern  Ontario  corridor 


Mobile  source 

Railroad  (Diesel)' 
Aircrafts-Jets'' 
Aircrafts-Turbo'' 
Aircrafts-Piston' 
Aircrafts-Helicopters'' 
Shipping  (Diesel)" 
Shipping  (Res.Oil)' 
Total 


1985 

1990" 

1995 

2000 

2005 

975 

1  072 

1  138 

1  208 

1  233 

1  450 

,1  203 

1  395 

1  507 

1  624 

70 

58 

67 

73 

78 

206 

71 

76 

76 

76 

2 

2 

2 

2 

2 

553 

619 

680 

747 

766 

37 

79 

97 

100 

103 

3  292 

3  105 

3  455 

3  714 

3  882 

Ontario 


Mobile  source 

Railroad  (Diesel)' 
Aircrafts-Jets'' 
Aircrafts-Turbo'' 
Aircrafts-Piston' 
Aircrafts-HelicQpters'' 
Shipping  (Diesel)' 
Shipping  (Res.Oil)' 
Total 


1985 

1990" 

1995 

2000 

2005 

1  384 

1  522 

1  616 

1  715 

1  750 

1  677 

1  392 

1  614 

1  744 

1  879 

120 

100 

116 

125 

135 

288 

100 

106 

106 

106 

4 

3 

4 

4 

5 

1  041 

1  166 

1  281 

1  407 

1  443 

70 

149 

182 

189 

194 

4  584 

4  433 

4  918 

5  291 

5  510 

1985  base  case  data  from  OMOE  (1992b). 

a  -  1990  to  2005  projection  based  on  NEB  (1991)  annua)  change 

in  Canadian  raiiymanne  final  energy  demand. 
b    -  1990  to  2005  projection  based  on  NEB  (1991)  final  energy 

demand  projection   Ontario  transportation  aviation  turbo  fuel, 
c    -  1990  to  2005  projection  based  on  NEB  (1991)  final  energy 

demand  projection  Ontario  transportation  aviation  gasoline 

fiiel. 
d    -  1990  projection  based  on  change  in  final  energy  demand 

between  1985  and  1990  (Statistics  Canada  1986.  1991). 

Statistics  Canada  1986.  1991.  omoe  1992b;  NEB  1991 
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APPENDIX  F:  SUMMARY  OF  NO/VOC  BASE  CASE  AND 
PROJECTED  EMISSIONS  FROM  MOBILE  SOURCES 


F-7 


Table  F-7  SOC  and  Ontario  NO,  base  case  and  projected  emissions  from  off-road  internal 
combustion  mobile  sources  (t/a),  1985-2005 


Southern  Ontario  corridor 


Mobile  source 

Agri.eng.  (Gasoline) 
Agri.eng.  (Diesel) 
Consteng.  (Diesel) 
Indus.eng.  (Diesel)* 
Total 


1985 

1990" 

1995 

2000 

2005 

3  010 

4  191 

4  471 

4  583 

4  806 

6  236 

5  746 

6  129 

6  282 

6  589 

10  723 

11  111 

13  965 

17  431 

21  916 

23  512 

17  684 

17  888 

17  684 

17  684 

43  481 

38  732 

42  453 

45  979 

50  994 

Ontario 


Mobile  source 

Agri.eng.  (Gasoline) 
Agri.eng.  (Diesel) 
Const.eng.  (Diesel) 
Indus.eng.  (Diesel)* 
Total 


1985 

1990" 

1995 

2000 

2005 

3  528 

4  913 

5  240 

5  371 

5  633 

7  308 

6  734 

7  183 

7  363 

7  722 

11  483 

11  898 

14  954 

18  665 

23  468 

24  914 

18  739 

18  955 

18  739 

18  739 

47  233 

42  284 

NOTES: 


1985  base  case  data  from  OMOE  (1992b). 

1990  to  2005  emissions  projection  based  on  the  change  in 
CCME  (1990)  Transportation,  Off-road  Diesel  NO, 
emissions  in  Ontario. 

a     -        Industry  emissions  are  based  on  the  change  in 
Other  Transportation,  Off-road  Diesel  NO, 
emissions  (CCME  1990). 

b     -        1990  projection  based  on  change  in  final  energy 
demand  between  1985  and  1990  (Statistics 
Canada  1986,  1991). 

OMOE  1992b;  CCME  1990;  Statistics  Canada  1986,  1991. 
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APPENDIX  F:  SUMMARY  OF  NO/VOC  BASE  CASE  AND 
PROJECTED  EMISSIONS  FROM  MOBILE  SOURCES 


F-8 


Table  F-8  SOC  and  Ontario  VOC  base  case  and  projected  emissions  from  off-road  internal 
combustion  mobile  sources  (t/a),  1985-2005 


Southern  Ontario  corridor 


Mobile  source 

Agri.eng.  (Gasoline) 
Agri.eng.  GDiesel) 
ConsLeng.  (Diesel) 
Indus.eng.  (Diesel)* 
Total 


1985 

1990" 

1995 

2000 

2005 

2  105 

2  931 

3  127 

3  205 

3  361 

1  090 

1  004 

1  071 

1  098 

1  151 

720 

746 

938 

1  171 

1  472 

1  732 

1  303 

1  318 

1  303 

1  303 

5  647 

5  985 

6  454 

6  777 

7  288 

Ontario 


Mobile  source 

Agri.eng.  (Gasoline) 
Agri.eng.  (Diesel) 
Const.eng.  (Diesel) 
Indus.eng.  (Diesel)' 
Total 


1985 

1990" 

1995 

2000 

2005 

2  467 

3  436 

3  665 

3  756 

3  939 

1  277 

1  176 

1  255 

1  286 

1  349 

771 

799 

1  004 

1  254 

1  576 

1  836 

1  381 

1  397 

1  381 

1  381 

6  351 

6  792 

7  321 

7  677 

8  246 

1985  base  case  data  from  OMOE  (1992b). 

1990  to  2005  emissions  projection  based  on  the  change  in 
CCME  (1990)  Transportation,  Off-road  Diesel  NO, 
emissions  in  Ontario. 

a     -        Industry  emissions  are  based  on  the  change  in 
Other  Transportation,  Off-road  Diesel  NO, 
emissions  (CCME  1990). 

b    -        1990  projection  based  on  change  in  final  energy 
demand  between  1985  and  1990  (Statistics 
.  Canada  1986,  1991). 

OMOE  1992b;  CCME  1990;  Statistics  Canada  1986,  1991. 
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APPENDIX  F:  SUMMARY  OF  NOxA'OC  BASE  CASE  AND 
PROJECTED  EMISSIONS  FROM  MOBILE  SOURCES 


F-9 


Table  F-9  SOC  and  Ontario  NO,  base  case  and  projected  emissions  from  other  internal 
combustion  mobile  sources  (t/a),  1985-2005 


Southern  Ontario  corridor 


Mobile  source 
Pleasure  crafts 
Lawnmowers 
Snowmobiles 
Total 


1985 

1990 

1995 

2000 

2005 

249 

272 

319 

395 

512 

34 

37 

44 

54 

70 

53 

58 

68 

84 

108 

335 

367 

430 

533 

690 

Ontario 


Mobile  source 

Pleasure  crafts 
Lawnmowers 
Snowmobiles 
Total 


985 

1990 

1995 

2000 

2005 

287 

311 

358 

434 

548 

44 

47 

55 

66 

84 

67 

73 

84 

102 

129 

399 

431 

497 

602 

760 

1985  base  case  data  from  OMOE  (1992b). 

1990  to  2005  emissions  projection  based  on  the  change  in 
population  in  Ontario  (OMTE  1992). 


SOURCES: 


OMOE  1992b;  OMTE  1992. 
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APPENDIX  F:  SUMMARY  OF  NO/VOC  BASE  CASE  AND 
PROJECTED  EMISSIONS  FROM  MOBILE  SOURCES 


F-10 


Table  F-10       SOC  and  Ontario  VOC  base  case  and  projected  emissions  from  other  internal 
combustion  mobile  sources  (t/a),  1985-2005 


Southern  Ontario  corridor 


Mobile  source 


1985 


1990 


1995 


2000 


2005 


Pleasure  crafts 
Lawnmowers 
Snowmobiles 
Total 


8  439  9  228  10  832  13  414  17  376 

2  170  2  373  2  785  3  449  4  467 

7  950  8  694  10  205  12  637  16  369 

18  558  20  295  23  822  29  500  38  212 


Ontario 


Mobile  source 

Pleasure  crafts 
Lawnmowers 
Snowmobiles 
Total 


1985  1990  1995  2000  2005 

10  186  11020  12  709  15  389  19  425 

9  775  10  576  12  197  14  768  18  642 

2  810  3  040  3  506  4  245  5  358 

22  771  24  636  28  411  34  401  43  425 


1985  base  case  data  from  OMOE  (1992b). 

1990  to  2005  emissions  projection  based  on  the  change  in 
population  in  Ontario  (MTE  1992). 


SOURCES: 


OMOE  1992b;  ONfTE  1992. 
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and  projected 

NOxA'^OC  emissions 

from  stationary  area 

and  point  sources 
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APPENDIX  G:  Summary  of  base  case  and  projected  NOxA^OC  emissions  from  stationary  area 

AND  POINT  sources  G-6 


Table  G-9  Boiler  stationary  NO,  and  VOC  point  source  base  case  and  projected  emissions  by 
SIC,  1985-2005 


soc 

Ontario 

SIC 

SIC  description 

NOx  (t/a) 

VOC  (t/a) 

NOx  (t/a) 

VOC  (t/a) 

1985 

06 

Mining  and  ore  processing 

0 

0 

259 

1 

27 

Pulp  and  paper 

1  104 

83 

8  427 

2  067 

291 

Iron  and  steel 

7  437 

30 

10  628 

45 

29 

Smelters  and  foundries 

7  980 

54 

11  829 

93 

35 

Cement  and  glass 

705 

59 

708 

59 

36 

Refineries 

11  069 

124 

11  069 

124 

37 

Chemical  plants 

8  574 

350 

8  574 

350 

Odier 

9  222 

1  748 

10  635 

1  866 

Total 

38  654 

2  416 

51  502 

4  559 

1990 

06 

Mining  and  ore  processing 

0 

0 

309 

1 

27 

Pulp  and  paper 

1  160 

87 

8  854 

2  172 

291 

Iron  and  steel 

7  032 

28 

10  049 

42 

29 

Smelters  and  foundries 

8  170 

55 

12  111 

95 

35 

Cement  and  glass 

774 

64 

777 

64 

36 

Refineries 

12  428 

139 

12  428 

139 

37 

Chemical  plants 

9  728 

397 

9  728 

397 

Other 

8  974 

1  701 

10  350 

1  816 

Total 

41  234 

2  443 

54  557 

4  684 

1995 

06 

Mining  and  ore  processing 

0 

0 

327 

1 

27 

Pulp  and  paper 

1  304 

98 

9  953 

2  442 

291 

Iron  and  steel 

7  973 

32 

11  393 

48 

29 

Smelters  and  foundries 

9  478 

64 

14  050 

111 

35 

Cement  and  glass 

841 

70 

844 

70 

36 

Refineries 

14  316 

160 

14  316 

160 

HiCkLING 

APPENDIX  G:  Summary  of  base  case  and  projected  NO/VOC  emissions  from  stationary  area 

AND  POINT  SOURCES  G-7 


Table  G-9   Boiler  stationary  NO,  and  VOC  point  source  base  case  and  projected  emissions  by 
SIC,  1985-2005 


soc 

Ontario 

SIC 

SIC  description 

NOX  (t/a) 

VOC  (t/a) 

NOx  (t/a) 

VOC  (t/a) 

37 

Chemical  plants 

11  725 

478 

11  725 

478 

Other 

9  737 

1  845 

11  230 

1  970 

Total 

47  402 

2  715 

62  446 

5  232 

2000 

06 

Mining  and  ore  processing 

0 

0 

374 

1 

27 

Pulp  and  paper 

1447 

109 

11  045 

2  710 

291 

Iron  and  steel 

9  153 

36 

13  079 

55 

29 

Smelters  and  foundries 

10  972 

74 

16  264 

128 

35 

Cement  and  glass 

950 

79 

954 

79 

36 

Refineries 

15  867 

177 

15  867 

177 

37 

Chemical  plants 

13  510 

551 

13  510 

551 

Other 

11000 

2  084 

12  686 

2  226 

Total 

53  745 

3  074 

70  700 

5  872 

2005 

06 

Mining  and  ore  processing 

0 

0 

428 

2 

27 

Pulp  and  paper 

1  648 

124 

12  580 

3  086 

291 

Iron  and  steel 

11  410 

45 

16  304 

69 

29 

Smelters  and  foundries 

13  499 

91 

20  011 

157 

35 

Cement  and  glass 

1082 

90 

1  087 

90 

36 

Refineries 

17  570 

196 

17  570 

196 

37 

Chemical  plants 

16  111 

657 

16  111 

657 

Other 

12  067 

2  287 

13  917 

2  442 

Total 

61  978 

3  445 

81  704 

6  630 

SOURCES:       OMOE  1992b;  Informetrica  1992;  see  also,  Chapter  3  and  Appendix  C 
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AND  POINT  sources  G-8 


Table  G-10  Residual  fuel  combustion  point  source  NO,  and  VOC  base  case  and  projected 
emissions  by  SIC,  1985-2005 


SIC  description 

see 

Ontario 

SIC 

NOX  (t/a) 

VOC  (t/a) 

NOx  (t/a) 

VOC  (t/a) 

1985 

06 

Mining  and  ore  processing 

68.9 

5.4 

738 

7 

27 

Pulp  and  paper 

0 

1167.6 

3  101 

1  213 

291 

Iron  and  steel 

3095.3 

23775.6 

3  503 

24  974  . 

29 

Smelters  and  foundries 

3105.6 

24967.5 

7  768 

26  177 

35 

Cement  and  glass 

9506 

261.2 

9  506 

261 

36 

Refineries 

0 

0 

0 

0 

37 

Chemical  plants 

6634.3 

7954.3 

6  634 

8  118 

Other 

1373.2 

5785.5 

1  416 

5  996 

Total 

20  688 

40  142 

29  164 

41  772 

1990 

06 

Mining  and  ore  processing 

82 

6 

883 

9 

27 

Pulp  and  paper 

0 

1  227 

3  258 

1  275 

291 

Iron  and  steel 

2  927 

22  481 

3  312 

23  614 

29 

Smelters  and  foundries 

3  179 

25  561 

7  953 

26  800 

35 

Cement  and  glass 

10  432 

287 

10  432 

287 

36 

Refineries 

0 

0 

0 

0 

37 

Chemical  plants 

7  527 

9  024 

7  527 

9  210 

Other 

1  336 

5  630 

1  378 

5  835 

Total 

22  558 

41  736 

31  432 

43  415 

1995 

06 

Mining  and  ore  processing 

87 

7 

934 

9 

27 

Pulp  and  paper 

0 

1  379 

3  663 

1  433 

291 

Iron  and  steel 

3  318 

25  488 

3  756 

26  773 

29 

Smelters  and  foundries 

3  689 

29  654 

9  227 

31  091 
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AND  POINT  sources  G-9 


Table  G-10  Residual  fuel  combustion  point  source  NO^^  and  VOC  base  case  and  projected 
emissions  by  SIC,  1985-2005 


SIC  description 

soc 

Ontario 

SIC 

NOX  (t/a) 

VOC  (t/a) 

NOx  (t/a) 

VOC  (t/a) 

35 

Cement  and  glass 

11  333 

311 

11  333 

311 

36 

Refineries 

0 

0 

0 

0 

37 

Chemical  plants 

9  073 

10  878 

9  073 

11  101 

Other 

1  450 

6  109 

1  495 

6  331 

Total 

25  631 

48  338 

35  724 

50  276 

2000 

06 

Mining  and  ore  processing 

100 

8 

1  068 

11 

■     27 

Pulp  and  paper 

0 

1  530 

4  065 

1  590 

291 

Iron  and  steel 

3  809 

29  260 

4  311 

30  735 

29 

Smelters  and  foundries 

4  270 

34  327 

10  681 

35  990 

35 

Cement  and  glass 

12  805 

352 

12  805 

352 

36 

Refineries 

0 

0 

0 

0 

37 

Chemical  plants 

10  453 

12  533 

10  453 

12  790 

Other 

1  638 

6  901 

1  689 

7  152 

Total 

29  265 

55  652 

40  760 

57  885 
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AND  POINT  SOURCES  G-10 


Table  G-10  Residual  fuel  combustion  point  source  NO,  and  VOC  base  case  and  projected 
emissions  by  SIC,  1985-2005 


see 

Ontario 

SIC 

SIC  description 

NOX  (t/a) 

VOC  (t/a) 

NOX  (t/a) 

VOC  (t/a) 

2005 

06 

Mining  and  ore  processing 

114 

9 

1  222 

12 

27 

Pulp  and  paper 

0 

1  743 

4  629 

1  811 

291 

Iron  and  steel 

4  749 

36  476 

5  374 

38  314 

29 

Smelters  and  foundries 

5  254 

42  236 

13  141 

44  282 

35 

Cement  and  glass 

14  591 

401 

14  591 

401 

36 

Refineries 

0 

0 

0 

0 

37 

Chemical  plants 

12  466 

14  946 

12  466 

15  253 

Other 

Other 

1  797 

7  571 

1  853 

7  845 

Total 

34  221 

66  906 

47  902 

69  605 

SOURCES:    OMOE  1992b;  Informetrica  1992;  see  also.  Chapter  3  and  Appendix  C. 
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APPENDIX  H:      COST  METHODOLOGY  FOR  STATIONARY  SOURCES  H-1 


The  costs  of  actions  affecting  NO,  and  VOC  emissions  from  stationary  sources  are  based  on  a 
review  of  the  Hterature.  Where  possible  capital  costs  and  operating  costs  of  each  action  are 
estimated.  The  total  annualized  cost  of  each  action  is  estimated  using  a  private  discount  rate  of 
6%  and  an  action  life  of  20  years.  For  some  actions  the  literature  provided  only  an  estimate  of 
the  $/t  of  emissions  reduced.  In  these  cases  the  $/t  estimate  was  multiplied  by  the  estimated 
tonnes  of  emissions  reduced  to  determine  the  total  annualized  cost  of  the  action. 

Somewhat  different  methodologies  are  required  for  estimating  the  cost  of  emissions  reduction 
actions  for  each  of  three  categories  of  stationary  sources: 

•  stationary  area  sources; 

•  stationary  boiler  point  sources;  and 

•  stationary  non-boiler  point  sources  (other  stationary  point  sources). 

The  different  costing  methodologies  reflect  the  different  parameters  required  to  estimate  the  costs 
of  control  actions.  The  costs  of  actions  to  reduce  emissions  in  the  first  and  third  categories  are 
functions  of  the  levels  of  emissions  from  sources  in  each  category.  The  costs  of  actions  to 
reduce  emissions  from  each  boiler  point  source  are  functions  of  the  level  of  energy  use  of  that 
boiler. 

Stationary  area  sources 

The  cost  estimates  for  stationary  area  sources  are  for  actions  reducing  VOC  emissions  occurring 
during  the  production  process.  Cost  estimates  are  based  on  the  level  of  total  VOC  emissions 
estimated  in  2005  for  each  area  source.  The  capital  costs,  operating  costs  and  quantifiable 
benefits  are  estimated  where  possible.  A  detailed  description  of  the  data  used  to  estimate  the  cost 
of  each  action  to  reduce  VOC  emissions  is  provided  in  the  action  summary  information  sheets 
in  Appendix  K. 

Estimated  costs  of  VOC  emissions  reductions  are  calculated  using  the  following  equation 
(Pechan  1989  and  1992):  . 


TAC    =    ^ CCM  [  VOC  f"  +  OCM  [vck:]^ 

1  -  (r  -  1)-' 

QBM  [VOC]  -  QBI 


where, 
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TAC  =  total  annualized  cost  ($) 

r  =  private  discount  rate  (6%) 

/  =  life  of  control  technology  (20  years) 

CCM  =  capital  cost  multiplier  ($/t) 

CCE  =  capital  cost  exponent 

VOC  =  uncontrolled  VOC  emissions  (tonnes) 

OCM  =  operational  cost  multiplier  ($/t) 

OCE  =  operational  cost  exponent 

QBM  =  Quantified  benefit  multiplier  ($/t) 

QBI  -  Quantified  benefit  intercept.  ($) 

The  cost  parameters  CCM,  OCM,  QBM  and  QBI  and  the  cost  exponents  CCE  and  OCE  are 

drawn  from  engineering  cost  models,  (see,  ERCAM-VOC  Pechan  (1989  and  1992)).  Cost 
exponents  reflect  cost  savings  arising  from  economies  of  scale  when  implementing  actions  at 
larger  emissions  sources.  Quantified  benefits  are  the  benefits  received  by  the  sources  themselves, 
usually  from  reduced  loss  of  materials,  such  as  solvents  or  gasoline;  the  benefits  are  the  avoided 
costs  of  additional  purchases  that  would  otherwise  be  required  to  make  up  these  losses.  All  costs 
are  bef ore-tax  costs. 

Uncontrolled  VOC  emissions,  VOC,  for  each  source  are  drawn  from  the  OEI.  It  is  assumed, 
unless  we  have  information  to  the  contrary,  that  the  emission  quantities  in  the  OEI  are 
"uncontrolled"  insofar  as  they  are  not  already  subject  to  the  control  actions  under  consideration 
here. 

The  annualized  cost  for  an  action  affecting  an  emissions  source  category  (e.g.  printing)  is  the 
sum  of  the  capital  costs,  operating  costs,  and  potential  benefits  for  each  source  affected.  The 
cost  of  the  action  per  tonne  of  emissions  reduced  is  estimated  by  dividing  the  total 
annualized  cost  of  the  action  for  all  area  sources  by  the  tonnes  of  emissions  reduced  from 
all  sources. 

Stationary  point  sources 

The  method  for  computing  abatement  costs  for  stationary  point  sources  (except  stationary  boiler 
sources)  was  identical  to  the  method  for  computing  costs  for  stationary  area  sources,  except  that 
costs  for  all  point  sources  were  calculated  individually  and  summed. 

Stationary  boiler  sources 

The  cost  of  reducing  NO,  emissions  from  boiler  point  sources  is  estimated  based  on  the  level 
of  energy  use  (boiler  size)  and  type  of  fuel.  The  estimates  used  in  this  study  are  based  on  the 
cost  of  NO,  emissions  control  technologies  for  boiler  point  sources  in  the  SOC  developed  in 
NERA,  VHB  and  Goodfellow  (1992)  using  a  6%  discount  rate  and  a  20  year  life  of  the  action. 
For  this  study,  the  capital  cost  and  operating  costs  of  each  control  technology  for  boilers  is  not 
calculated  since  the  revised  version  of  the  OEI  does  not  provide  estimates  of  boiler  size  for  each 
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point  source.  Accordingly,  the  total  cost  of  each  action  is  estimated  based  on  $/t  cost  and  per 
cent  emissions  reduction  estimated  by  NERA,  VHB  and  Goodfellow  (1992)  applied  to  the 
revised  OEI  database. 

The  costing  methodology  used  by  NERA,  VHB  and  Goodfellow  (1992)  is  the  same  as  for 
stationary  area  sources  except  that  energy  use  (boiler  size)  and  type  of  fuel,  rather  than 
emissions,  are  used  to  determine  costs.  This  changes  the  calculation  of  the  annualized  capital 
cost  as  follows  (NERA,  VHB  and  Goodfellow  1992): 


TAC    = X  CCM  [BOS]'^"  +  OCM  [BOS]'^^  -  QBM  [BOS] 

1  -  (r  +  1)-' 


where, 

BOS     =  boiler  size  (BTU/hr). 

The  definitions  of  the  other  parameters  in  this  equation  are  the  same  as  in  the  stationary  area 
source  equation  except  CCM,  OBM  and  QBM  where  costs  are  expressed  in  $/Btu/hr. 
Multipliers  of  exponents  used  in  this  study  were  obtained  directly  from  NERA,  VHB  and 
Goodfellow  (1992).  Exponents  used  reflect  potential  cost  savings  arising  from  economies  of 
scale  due  to  the  size  of  the  boiler.  The  values  of  these  parameters  may  depend  on  the  type  of 
fiiel. 

The  method  used  to  estimate  the  cost  of  NO,  control  options  for  boilers  is  considered 
conservative  since  the  same  control  technology  is  considered  for  all  boilers,  rather  than  selecting 
the  least  cost  technology  for  each  boiler  point  source. 
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The  estimation  of  the  costs  of  actions  affecting  mobile  sources  is  constrained  by  several  factors: 

•  insufficient  information  on  the  source  of  the  emissions  (i.e.  the  number,  sizes  and  hours 
of  operation  of  off-road  internal  combustion  sources  and  other  mobile  internal 
combustion  sources); 

•  insufficient  information  (ie.  lack  of  detail  or  demonstrated  technically  feasible  control 
options  for  rail,  air,  and  marine  sources);  and 

•  applicability  of  the  action  to  Ontario  emissions  sources  (possible  differences  between  the 
conditions  assumed  in  determining  the  costs  of  generic  actions,  and  the  conditions 
pertaining  in  Ontario). 

Additionally,  for  many  actions  the  information  collected  is  related  to  the  examination  of  the 
impact  of  policies  affecting  other  pollutants,  including  particulate  matter,  carbon  monoxide  and 
sulphur  dioxide,  and  are  not  exclusively  focused  on  the  reduction  of  NO,  and  VOCs  emissions. 

Finally,  much  of  the  available  information  is  specific  to  particular  issues  examined,  and  its 
generic  use  for  policy  development  creates  uncertainty  when  applied  to  individual  emissions 
sources.  For  example,  the  costs  for  on-road  mobile  emissions  sources  vary  by  type,  make,  year, 
emissions  control  technology,  maintenance,  climate,  fuel  use  and  driving  habits,  etc.  of  each 
individual  vehicle.  Available  information  may  not  be  representative  of  conditions  in  Ontario,  so 
that  use  of  this  information  may  lead  to  errors  in  estimating  costs  in  Ontario  and  the  Southern 
Ontario  Corridor. 

The  cost  of  actions  reducing  emissions  of  NO,  and  VOCs  from  mobile  sources  are  estimated 
based  on  control  technology  costs  collected  from  the  literature  and  estimates  of  the  composition 
of  the  vehicle  fleet  by  type  of  vehicle.  For  example,  the  incremental  cost  of  additional  exhaust 
emissions  control  technologies  is  estimated  beginning  with  the  1996  new  vehicle  fleet  of  heavy 
and  light  duty  vehicles  and  motorcycles. 

The  cost  estimates  of  actions  reducing  travel  demand  have  been  taken  directly  from  the 
literature.  Detailed  cost  data  for  each  action  is  provided  in  Appendix  K  and  at  the  end  of  this 
Appendix. 

II      Exhaust  emissions  controls 

The  cost  of  exhaust  emissions  control  actions  for  light  duty  and  heavy  duty  vehicles  and  for 
motorcycle  emissions  are  estimated  using  the  same  methodology  as  for  boilers  (Section  2.3.3). 
The  capital  costs  are  the  incremental  capital  cost  of  additional  control  technologies  on  new 
vehicles  for  the  years  1996  to  2005.  The  total  annualized  capital  cost  in  2005  is  calculated  as 
follows: 

where. 
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Aj  -  annualized  capital  cost  of  action  for  new  vehicles  in  year  y 

3*  =  new  vehicle  year 

TCC  =  total  capital  cost  of  action  from  1996  to  2005. 

The  annualized  cost  for  an  action  affecting  on-road  mobile  emissions  source  category  is  based 
on  a  private  discount  rate  of  6%  and  the  life  of  the  vehicle.  The  $/t  cost  of  the  action  is 
estimated  by  dividing  the  total  annualized  cost  by  the  tonnes  of  emissions  reduced. 

12      Reduction  in  travel  demand 

For  this  study  improvements  to  traffic  management  systems  and  shifts  in  transit  mode  sphts  were 
considered  as  jpossible  actions  to  reduce  emissions  of  NO^  and  VOCs.  Reductions  in  emissions 
from  both  of  these  sources  arise  from  a  reduction  in  travel  demand  (Vkt). 

The  cost  of  traffic  management  is  based  on  two  transportation  control  measures  (TCM  #1 1  and 
TCM  #12)  adopted  by  the  Bay  Area  Air  Quality  Management  District  (BAAQMD  1991b).  Costs 
are  presented  in  $/t  of  hydrocarbons  reduced.  The  costs  in  $/t  of  hydrocarbons  reduced  presented 
in  BAAQMD  (1991b)  were  adopted  for  use  in  this  stady.  The  equivalent  costs  in  Ontario  are 
approximately  $57  000/t  for  NO,  reduced  and  $59  000/t  for  VOCs  reduced.    . 

Two  transit  mode  shifts  action  are  considered  in  this  study.  The  expected  costs  and  emissions 
reduction  from  a  transit  mode  shift  are  based  on  VHB  Research  and  Consulting  Inc.,  McCormick 
Rankin  and  Pilorusso  (1991).  The  report's  "realistic"  and  "optimistic"  transit  mode  shift  scenarios 
and  associated  costs  and  emissions  reduction  information  are  used  in  this  study.  The  costs  and 
benefits  of  different  transit  mode  shares  are  based  on  the  change  in  incremental  ridership  and 
the  operating  and  capital  costs  of  typical  transit  systems.  Cost  estimates  include  spending 
commitments  under  the  "Let's  Move  —  Transportation  Solution  for  the  90's"  program.  VHB, 
Pilorusso  and  McCormick  Rankin  (1991)  assumed  that  the  $6  billion  committed  to  the  "Let's 
Move"  programs  would  roughly  equal  the  cost  of  capital  (i.e.  3%/a  in  constant  dollars,  or  $360 
million). 

D      Inspection  and  maintenance 

Reductions  in  emissions  of  NO,  and  VOCs  will  occur  from  the  improved  operation  and 
maintenance  of  motor  vehicles.  An  enhanced  inspection  and  maintenance  program  is  included 
in  the  list  of  actions  affecting  emissions  from  on-road  mobile  sources.  The  cost  of  this  action 
is  based  on  the  program  costs  contained  in  an  enhanced  inspection  and  maintenance  program 
proposed  by  the  Ontario  Ministry  of  Transportation  (Personal  communication,  Michael  Young, 
Ontario  Ministry  of  Environment  and  Energy  1993).  The  cost  of  the  program  is  expected  to  be 
recovered  through  a  service  fee  charged  per  vehicle. 
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DeGnitions: 


AGE 

SDR 

PDR 

LIFE 

FLEET2005 

AGEDISTN2005 

FLEETDISTN2005 

KCOST 

KCOST/A 


Age  of  vehicle  relative  to  1995 

Social  discount  rate  -  6% 

Private  discount  rate  -  3% 

Expected  lifetime  of  action 

Vehicle  fleet  size  in  2005 

Composition  of  vehicle  fleet  by  age  in  2005 

Distribution  of  vehicle  fleet  by  age  in  2005  [AGEDISTN2005 

X  FLEET2005] 

Incremental  capital  cost  of  emissions  control  technology  per 

vehicle 

Amortized   (or  annual)   incremental   capital   cost   of  control 

technology   per   vehicle   [KCOST   x   PDR   /    1    -    (PDR   + 

l)'^(-LIFE)        ] 

Discounted  incremental  capital  cost  of  vehicle  by  age  of  fleet 

[(KCOST/A  *  FLEETDISTN2005)  *  1  /  (1  +  SDR)'^AGE] 
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APPENDIX  J:  LEAST  COST  CURVE  METHODOLOGY  J-1 

A  model  for  the  least  cost  supply  curve,  for  NO,  and  VOCs  respectively.  The  cost  curves  are 
a  useful  tool: 

•  to  show  the  effects  of  different  actions  on  the  level  of  NO,  or  VOC  emissions; 

•  to  show  the  effects  on  private  and  social  benefits  or  costs  of  reductions  in  emissions; 

•  to  identify  preferable  actions  and  identify  possible  impacts  from  different  policy 
scenarios;  and 

•  to  incorporate  implmementation  issues  (ie.  timing)  into  achieving  emissions  reductions. 

Basic  input  data  for  the  model  are  from  the  action  sunmiary  sheets  (Appendix  K).  Data  from  the 
sheets  incorporated  into  the  model  include:  capital  and  operating  costs,  estimates  of  reductions 
(or  increases)  by  contaminant  species,  lifetime  over  which  the  actions  and  measures  are 
applicable,  and  the  time  period  between  investment  and  realization  of  emissions  reductions. 

The  model  proceeds  through  three  main  sequences: 

•  determination  of  private  or  social  costs; 

•  determination  of  incremental  unit  costs;  and 

•  construction  of  the  abatement  curve. 

Jl      Estimation  of  private  or  social  costs 

The  model  provides  for  the  possibility  of  estimating  private,  pubUc  and  social  costs.  Private 
costs  are  the  costs  borne  by  private  actors  to  reduce  their  emissions  (e.g.  sector  specific,  end-of- 
pipe  control  technology).  These  may  include  capital  expenditures,  operating  and  maintenance 
costs.  In  addition,  the  costs  seen  by  the  private  sector  may  be  increased  or  decreased  as  a  result 
of  measures  adopted.  For  example,  a  grant  might  be  provided  to  offset  part  of  the  capital  cost 
associated  with  investment  in  equipment  that  reduces  NO,  emissions. 

Public  costs  include  capital  and  operating  costs  of  an  action  borne  by  the  public  sector  or  those 
costs  that  must  be  incurred  to  implement  a  measure.'  An  example  of  public  sector  costs  for  an 
action  is  public  transit  (i.e.  TRANSITl  and  TRANSFIX).  Measure  costs  would  include,  for 
example,  costs  associated  with  inspectors  to  monitor  compliance  with  a  regulation  or  to  collect 
a  tax.  Where  the  measure  involves  a  transfer  of  funds  between  the  private  and  public  sectors, 
the  two  must  be  equal.  Thus  the  dollar  value  of  a  subsidy  given  by  the  government  decreases 
private  costs  and  increases  public  costs  by  exactly  the  same  amount. 


The  inclusion  of  costs  or  benefits  associated  from  public  policy  measures  are  beyond  the  scope  of  this 
study  but  could  be  included  within  the  cost  curve  framework. 
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APPENDIX  J:  LEAST  COST  CURVE  METHODOLOGY  J-2 


Social  costs  are  assumed  to  be  the  sum  of  private  and  public  costs.  Other  social  costs  and 
benefits  (e.g.  the  value  of  environmental  benefits  of  reduced  oxident  levels-See,  Chapter  7)  are 
not  incorporated  into  the  analyses  but  are  shown  on  the  action  summary  sheets. 

Costs  are  calculated  for  the  year  2005  by  amortizing  capital  costs  over  the  lifetime  of  the  action 
(or  measure)  and  adding  the  operating  costs.^ 

For  some  actions  (ie.  mobile  vehicles),  implementation  will  have  to  occur  in  advance  of  2(X)5 
in  order  to  effect  reductions  in  that  year.  For  these  actions,  costs  are  increased  to  reflect  the 
opportunity  cost  of  these  funds  between  implementation  and  realized  emissions  reductions  in 
2005.  The  overall  equations  are  as  follows: 

S=P..+P. 


where,         S  is  the  social  costs  ($1990  dollars  in  2005) 
P„  is  the  pubUc  costs  ($1990  dollars  in  2005) 
P,  is  the  private  costs  ($1990  dollars  in  2005) 


Pu=(A^^A^^DxO-if^"' 


where,         A^  is  the  annualized  capital  cost  of  the  measure  (1990$  in  2005) 
A„„  is  the  operating  costs  of  the  measure  (1990$  in  2005) 

/  is  the  incentive  offered  by  the  public  sector  to  promote  adoption  of  the  action 
(1990$  in  2005) 
/  is  the  discount  rate  (per  cent) 

r,  is  the  year  in  which  implementation  must  occur  to  effect  emissions  reductions  in 
2005) 


Pr(^ca*^oa-^x(^^if^"' 


where,         A^  is  the  annualized  capital  cost  of  the  action  (1990$  in  2005) 
A„  is  the  operating  costs  of  the  action  (1990$  in  2005) 


A  descripiton  of  the  cost  methodologies  used  for  actions  for  stationary  and  mobile  sources  considered 
in  this  study  are  presented  in  Appendices  H  and  I,  respectively. 
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APPENDIX  J:  LEAST  COST  CURVE  METHODOLOGY 


J-3 


J2     Determination  of  incremental  unit  costs 

Once  annualized  costs  are  calculated  for  each  measure,  incremental  unit  costs  are  calculated. 
Before  this  can  be  done,  it  is  necessary  to  determine  whether  the  action  and  measure 
combination  applies  uniquely  to  a  particular  emissions  source.  If  it  does,  then  the  incremental 
unit  cost  is  the  same  as  the  average  cost,  or  total  cost  divided  by  total  tonnes. 

In  many  cases,  we  have  attempted  to  estimate  cost  for  more  than  one  action,  or  more  than  one 
level  of  an  action  that  apply  to  an  individual  emissions  source.  In  these  cases,  it  is  necessary  to 
calculate  the  incremental  unit  costs  as  one  steps  from  the  action  with  the  least  emissions 
reduction  to  the  action  with  the  greatest  emissions  reduction.  For  example,  we  have  estimated 
costs  for  4  technology  control  actions  to  reduce  VOC  emissions  from  light  duty  gasoline  vehicles 
(SC  001)  from  0.400  g/mile  to:  0.250  g/mile  (LDGVl);  0.125  g/mile  (LDGV2);  0.075  g/mile 
(LDGV3);  or  0.040  g/mile  (LDGV4).  The  costs  and  incremental  costs  are  indicated  in  Table  2. 

Table  J-1   Estimating  incremental  unit  costs 


Total 

Incremental 

anniialixnl 

annualized 

Reduction  of 

cost($ 

Incremental 

cost($ 

Incremental 

Action 

VOCs  (t/a) 

million/a) 

reduction  (t/a) 

million/a) 

unit 

cost  ($A) 

LDGVl 

11  187 

(24.3) 

11  187 

($24.3) 

($2  172) 

LDGV3 

23  840 

$914.8 

12  652 

$939.1 

$74  221 

LDGV4 

26  629 

$1  274.1 

2  790* 

$359.3' 

$128  793 

LDGV2 

20  310 

$823.8 

0 

N/A' 

N/A 

a  -  Reducing  emissions  from  0.40  g/raile  to  0.120  g/mile  (LDGV2)  has  a  higher  cost  t  of  emissions  reduced 

than  LDGV3.  Therefore  it  is  not  carried  foreward.  in  the  analysis. 

b  -  The  incremental  reduction  is  26  629  t/a  from  LDGV4  minus  23  840  t/a  (LDGV3)  minus  11  187  t/a 

(LDGVl)  for  a  net  increase  in  reduction  of  2  790  t/a. 

c  -  The  incremental  cost  is  $1  274  million/a  from  LDGV4  minus  $915  million/a  ftom  LDGV3  minus  -$24 

million/a  for  a  net  cost  of  $359  million/a.  That  is,  the  cost  of  getting  the  additional  2  790  t/a  is  $359  million/a. 


J3     Construction  of  the  abatement  cost  curve 

The  abatement  cost  curve  is  constructed  by  plotting  the  sorted  incremental  unit  costs,  (and  the 
average  unit  costs)  against  the  cumulative  reductions.  Illustrative  data  are  presented  in  Table  3. 
The  resulting  abatement  cost  curve  is  presented  in  Figure  1 . 


HicklinG 


APPENDIX  J:  LEAST  COST  CURVE  METHODOLOGY 


J^ 


Table  J-2   Data  for  the  abatement  cost  curve 


Increments 

Cumulative 

1  unit  cost 

Incremental 

Cumulative 

cost'  ($ 

Average  tinit 

Action 

(Vt) 

reductions  (t/a) 

reduction'  (t/a) 

million/a) 

cost'  ($/t) 

LX)GV1 

($2  172) 

11  187 

11  187 

($24.3) 

($2  172) 

VAPOUR  1 

$191 

20  290 

31  477 

($20.4) 

($649) 

SOLVENTl 

$1  768 

42  071 

73  548 

$53.9 

$733 

LDGV3 

$74  221 

12  652 

86  201 

$993.0 

$11  520 

LDGV4 

$128  793 

2  790 

88  990 

$1  352.3 

$15  196 

a  -  The  cumulative  reduction  is  the  sum  of  the  soned  incremental  reductions  up  to  the  current  action. 

b  -  The  cumulative  cost  is  the  sum  of  the  product  of  incremental  unit  costs  and  incremental  reductions  up  to 

the  current  action. 

c  -  The  average  unit  cost  is  the  cumulative  cost  divided  by  the  cumulative  reductions. 
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Figure  J-1         Abatement  cost  curve  resulting  from  data  in  Table  3 
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NO,  and  VOC  action  nunmary  infomutioD  sheet 

BOILERSl 

Sources  affected 

Point  sources  boilers  (external  combustion  -  industrial,  commercial  and  institutional;  process  heaters) 

Type  of  action 

Add  on  control 

AcdoD 

Flue  Gas  Recirculation  (FOR) 

Description 

Reduces  the  NO,  formed  during  combustion.  Involves  recycling  a  portion  (10-15%)  of  cooled  and 
oxygen-deficient  stack  flue  gas  back  to  the  burner.  This  reduces  the  temperature  and  the  oxygen  concentration 
in  the  combustion  of  air.  Results  are  presented  in  S/t  emissions  only  due  to  a  lack  of  site  specific  data  in  the 
(revised)  OH  (1992).  Costs  are  base  on  previous  (NERA  1992)  Vt  estimates  appUed  to  die  OH  (1992)  and 
boilers  emissions  forecast. 

References 

NERA  1992;  OH  1992;  Informetnca  1992. 

Unqualified  cost(s)/benefit(s) 

Not  avaiUble 

Number  of  sources 

Not  available 

1985  emissions  NO, 

51  502 

tonnes  (OH  1992) 

1985  emissions  VOCs 

4  560 

tonnes  (OH  1992) 

Potential  reduction  in  NO, 

25% 

(NERA  1992) 

Potential  reduction  in  VOCs 

0% 

2005  emissiotis  NO, 

81  740 

tonnes  (OH  1992;  Infotmetrica) 

2005  emissions  VOCs 

6  630 

tonnes  (OH  1992;  Infotmetrica) 

Reductioo  in  NO,  (2005) 

20  435 

tonnes 

Reductioo  in  VOCs  (2005) 

0 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

0.6 

Operating  cost  multiplier 

J2  172 

l990$/t  emissions  reduced 

Operating  cost  exponent 

1 

(Quantified  benefit  nuiltiplier 

Assumed  included  in  operabng  cost  muldpUer 

(Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6% 

Private 

3* 

Soaal 

Total  net  cost  of  action  (1990S) 

Capital  ($) 

Operating  costs($/a) 

Benefits  (S/a) 

Aimual  net  cost  (S/a) 

Not  available 

Not  avaiUble 

Not  available 

$44  384  820 
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NO,  umI  VOC  action  tummary  infomution  sheet 

BOILERS2 

Sources  aifected 

Point  sources  boilers  (external  combustion  -  indusnial.  commercial  and  institutional;  process  heaters) 

Type  of  action 

Process  modification 

Acliaa 

Low  NO,  Burners  (Low  NO,) 

Description 

Reduces  the  NO,  formed  during  combustion.  Burners  which  alter  the  mixing  of  air,  fuel  and  combustion 
products  within  tbc  flame  zone  to  reduce  NO,  fbrmadon  This  reduces  the  temperature  and  the  oxygen 
concentration  in  the  combustion  Results  are  presented  in  Vt  emissions  only  due  to  a  lack  of  site  specific  data 
in  the  (revised)  OEI  (1992).  Osts  are  base  on  previous  (NERA  1992)  $/t  estimates  applied  to  the  OH  (1992) 
and  boilers  emissions  forecasL 

References 

NERA  1992;  OEI  1992;  Infotmetnca  1992 

Unquantified  cost(sVbeDefit(s) 

Not  available 

Number  of  sources 

Not  available 

1985  emissions  NO, 

51  502 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

4560 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

40* 

(NERA  1992) 

Potential  reduction  in  VOCs 

0% 

2005  emissions  NO, 

81  740 

tonnes  (OEI  1992;  Infotroeoica) 

2005  emissions  VOCs 

6  630 

tonnes  (OEI  1992;  Informetiica) 

Reduction  in  NO,  (2005) 

32  696 

tonnes 

Reduction  in  VOCs  (2005) 

0 

tofmes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

1 

Operating  cost  multiplier 

$2  482 

1990J/t  emissions  reduced 

Operating  cost  exponent 

1 

(Quantified  benefit  multiplier 

Assumed  included  in  operating  cost  multiplier 

Quantiiied  benefit  intercept 

Not  applicable 

Discount  rate 

6» 

Private 

3% 

Soaal 

Total  net  cost  of  action  (1990$) 

Capital  (S) 

Operaong  costs(S/a) 

Benefits  (Va) 

Aimual  net  cost  (Va) 

Not  available 

Not  available 

Not  available 

$81  151  472 
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NO,  and  VOC  action  sominary  informaUon  sheet 

BOILER&J 

Sources  affected 

Point  sources  boilers  (external  combustion  -  industrial,  commercial  and  institutional:  process  beaters) 

Type  of  action 

Add  on  control 

Action 

Selective  Non-Catalytic  Reduction  (SNCR) 

Description 

Flue  gas  treatinent  technique  which  involves  the  injection  of  either  ammonia  or  urea  into  the  flue  gas  which 
results  in  the  decomposition  of  NO,  into  nin-ogen  and  water  Results  are  presented  in  $/t  emissions  only  due 
to  a  lack  of  site  specific  data  in  die  (revised)  OEl  (1992).  Costs  are  base  on  previous  (NERA  1992)  $/l 
estimates  applied  to  the  OEI  (1992)  and  boilers  emissions  forecast 

RefercDces 

NERA  1992;  OEI  1992;  Informetiica  1992. 

(Jnquantified  cost(s)/benefil(s) 

Not  available 

Number  of  sources 

Not  available 

1985  emissions  NO, 

51502 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

4  560 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

50* 

(NERA  1992) 

Potential  reduction  in  VOCs 

0* 

2005  emissions  NO, 

81  740 

tonnes  (OEI  1992;  Informetnca) 

2005  emissions  VOCs 

6  630 

tonnes  (OEI  1992;  Informetiica) 

Reduction  in  NO,  (2005) 

40  870 

tonnes 

Reduction  in  VOCs  (2005) 

0 

tonnes 

Lifenme  of  action 

20 

years 

Coital  cost  multiplier 

Included  in  operatmg  cost  rouloplier 

Capital  cost  exponent 

0.6 

.  Operating  cost  multiplier 

SI  836 

1 990S/t  emissions  reduced 

Operating  cost  exponent 

■I 

(Juantified  benefit  multiplier 

Assumed  included  in  opcratug  cost  multipUcr 

(Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6% 

Private 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs(Va) 

Benefits  (Va) 

Aimual  net  cost  (Va) 

Not  available 

Not  available 

Not  available 

$75  037  320 
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NO,  and  VOC  actioa  tnmnur)'  infomution  sheet 

BOILERS4 

Scxirces  affected 

Point  sources  boilers  (external  combustion  -  industrial,  commercial  and  institutional;  process  beaters) 

Type  of  acnoo 

Add  on  control 

Acnon 

Selective  Catalytic  Reduction  (SCR) 

Descriptiao 

Rue  gas  treatment  lechmque  involvmg  die  reaction  of  flue  gas  NO,  with  ammonia  in  a  catalytic  reactor  to 
fonn  nitrogen  and  water.  Results  are  presented  in  S/t  emissions  only  due  to  a  lack  of  site  specific  data  in  the 
(revised)  OQ  (1992).  Costs  are  base  on  previous  (NERA  1992)  S/t  estimates  applied  to  tfae  OEl  (1992)  and 
boilers  emissions  forecast 

References 

NERA  1992:  OH  1992;  Infonnetrica  1992. 

Unquantified  cost(s)/beiiefit(s) 

Not  available 

Number  of  souroes 

Not  available 

1985  emiisions  NO, 

51  502 

tODoes  (OEI  1992) 

1985  emiisions  VOCs 

4  560 

tooDes  (OEI  1992) 

Potential  leduction  in  NO, 

80* 

(NERA  1992) 

Potential  reduction  in  VOCs 

0* 

2005  emissions  NO, 

81  740 

toniies  (OB  1992;  Infonnemca) 

2005  emissions  VOCs 

6  630 

tonnes  (OEI  1992;  Infonnetnca) 

Reduction  in  NO,  (2005) 

65  392 

tonnes 

ReducDoo  in  VOCs  (2005) 

0 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operaang  cost  multiplier 

Capital  cost  expcaect 

0.6 

Operating  cost  multiplier 

J9  225 

1990Vt  emissions  reduced 

Operating  cost  exponent 

1 

(Quantified  benefit  muloplier 

Assumed  mduded  m  operating  cost  muloplier 

(Juantified  benefit  intercept 

Not  applicable 

Dtscotml  rate 

6% 

Private 

3% 

Sooal 

Tottl  net  cost  of  action  (1990S) 

Capital  ({) 

Operanng  costs(S/a) 

Benefits  (Va) 

Annual  net  cost  ($/a) 

Not  available 

Not  avaibble 

Not  available 

$603  241  200 
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NO,  wid  VOC  action  summary  inrormatioD  sheet 

BOILEIISI&2 

Sources  affected 

Point  sources  boilers  (external  combustion  -  industrial,  commercial  and  mstitutional;  process  healers) 

Type  of  actioo 

Add  on  control 

Action 

FOR  &  LOW  NO, 

Description 

FGR  involves  recycling  a  portion  (10-15%)  of  cooled  and  oxygen-deficient  stack  flue  gas  back  to  the 
burner.  This  reduces  the  temperature  and  the  oxygen  concentration  in  the  combustion  of  air.  Low  NO, 
burners  alter  the  mixing  of  air.  fuel  and  combustion  producu  within  the  flame  zone  to  reduce  NO, 
formation.  Costs  of  control  technologies  are  assumed  additive.  Results  are  presented  in  J/l  emissions  only 
due  to  a  lack  of  site  specific  data  in  die  (revised)  OEl  (1992).  Costs  arc  base  on  previous  (NERA  1992)  $/l 
estimates  applied  to  the  OEl  (1992)  and  boilers  emissions  forecast. 

References 

NERA  1992;  OEl  1992;  Informenica  1992. 

Unquantified  cost(s)A)eDefit(s) 

Not  available 

Number  of  sources 

Not  available 

1985  emissions  NO, 

51  502 

tonnes  (OEl  1992) 

1985  emissions  VOCs 

4  560 

tonnes  (OEl  1992) 

Potential  reduction  in  NO, 

55% 

(NERA  1992) 

Potential  reduction  in  VOCs 

0% 

2005  emissions  NO, 

81  740 

tonnes  (OEl  1992;  Informetrica) 

2005  emissions  VOCs 

6  630 

tonnes  (OE!  1992;  Informetnca) 

Reduction  in  NO,  (2005) 

44  957 

tonnes 

Reduction  in  VOCs  (2005) 

0 

tonnes 

Lifetime  of  action 

20 

yean 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

0.6 

1 

Operating  cost  multiplier 

$2  792 

1 990S/1  emissions  reduced 

Operating  cost  ejipooenc 

1 

(Quantified  benefii  multiplier 

Assumed  mcluded  in  opcraoog  cost  multiplier 

(Quantified  benefii  intercept 

Not  applicable 

[>iscount  rate 

6% 

Private 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs(Va) 

Benefits  (Va) 

Annual  net  cost  (Va) 

Not  available 

Not  available 

Not  avaiUble 

$125  519  944 
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NO,  and  VOC  action  summary  information  sheet 

BOILERS2&3 

Sources  affected 

Point  sources  boilers  (external  combustion  -  indusoial,  commercial  and  institutional;  process  heaters) 

Type  of  action 

Add  on  control 

Action 

FOR  &  SNCR 

Description 

FOR  involves  recycling  a  poition  (10-15%)  of  copied  and  oxygen-deficienl  stack  flue  gas  back  to  dK 
burner.  This  reduces  the  temperature  and  the  oxygen  concentration  in  the  combustion  of  air.  SNCTR  is  a  flue 
gas  neaonent  technique  which  involves  the  injection  of  either  ammonia  or  urea  into  the  flue  gas  which 
results  in  the  decomposition  of  NO,.  Costs  of  control  technologies  arc  assumed  additive.  Results  are 
presented  in  $/l  emissions  only  due  to  a  lack  of  site  specific  data  in  die  (revised)  OEI  (1992).  Costs  are  base 
on  previous  (NERA  1992)  $/t  estimates  applied  to  the  OEI  (1992)  and  boilers  emissions  forecast 

References 

NERA  1992;  OEI  1992;  Informenica  1992. 

Uoquantified  cost(s)/benefit(s) 

Not  available 

Number  of  sources 

Not  available 

1985  emissions  NO, 

51  502 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

4  560 

toones  (OEI  1992) 

Potential  reduction  in  NO, 

70% 

(NERA  1992) 

Potential  reduction  in  VOCs 

0% 

2005  emissions  NO, 

81  740 

tonnes  (OEI  1992;  Informeoica) 

2005  emissions  VOCs 

6  630 

toones  (OEI  1992;  Informeoica) 

Reduction  in  NO,  (2005) 

57  218 

tonnes 

Reduction  in  VOCs  (2005) 

0 

tonnes 

Lifetime  of  action 

20 

yeai^ 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

0.6 

Operating  cost  multiplier 

$2  756 

1990$/t  eimssions  reduced 

Operating  cost  exponent 

1 

(Quantified  benefit  multiplier 

Assumed  included  in  operating  cost  mulopUer 

Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6% 

Pnvate 

' 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs($/a) 

Benefits  ($/a) 

Annual  net  cost  ($/a) 

Not  available 

Not  available 

Not  available 

$157  692  808 
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NO,  uid  VOC  ■ction  snmmarT  infonnation  sheet 

BOILERS2&4 

Sources  affected 

Point  sources  boilers  (external  combustion  -  industrial,  conunercial  and  instimnonal;  process  heaters) 

Type  of  action 

Add  on  control 

Action 

FOR  &  SCR 

Desciiption 

FGR  involves  recycling  a  portion  (10-15%)  of  cooled  and  oxygen-deficient  stack  fiue  gas  back  to  the 
bunier.  This  reduces  the  temperature  and  the  oxygen  concentration  in  the  combustion  of  air.  SC^R  is  a  flue 
gas  treatment  techmque  involving  the  reaction  of  flue  gas  NO,  with  Results  are  presented  in  $/t  emissions 
only  due  to  a  lack  of  site  specific  data  in  the  (revised)  OEI  (1992)  Costs  are  base  on  previous  (NERA 
1992)  $/t  estimates  applied  to  the  OEI  (1992)  and  boilers  eimssions  forecast 

References 

NERA  1992;  OEI  1992;  Informetiica  1992. 

Unqtuntified  cost(s)/benefit(s) 

Not  available 

Number  of  sources 

Not  available 

1985  emissions  NO, 

51  502 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

4  560 

tonnes  (OEI  1992) 

Potential  reductioD  in  NO, 

85% 

(NERA  1992) 

Potential  reduction  in  VOCs 

0% 

2005  emissions  NO, 

81  740 

tonnes  (OH  1992;  Informetrica) 

2005  emissions  VOCs 

6  630 

tonnes  (OEI  1992;  Infonnetnca) 

Reduction  in  NO,  (2005) 

69  479 

tonnes 

Reduction  in  VOCs  (2005) 

0 

tonnes 

Lifeamc  of  action 

20 

yeais 

Capital  cost  multiplier 

Included  in  opcranng  cost  multiplier 

Capital  cost  exponent 

0.6 

Operating  cost  multiplier 

$9  321 

1990VI  emissions  reduced 

Operating  cost  exponent 

1 

(^lantified  benefit  multiplier 

Assumed  included  in  operaong  cost  mulnpher 

(Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6% 

Private 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Opeiatmg  costs(Va) 

Benefits  ($/a) 

Annual  net  cost  (Va) 

Not  available 

Not  available 

Not  available 

$647  613  759 
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NO,  and  VOC  actJoa  nunmar)'  inTormatioD  ibeet 

BOILERS1&4 

Sources  affected 

Point  sources  boilers  (extonal  combustion  -  industrial,  commercial  and  institutional;  process  healers) 

Type  of  action 

Add  on  control 

Action 

Low  NO,  &  SCR 

Desciipoon 

Low  NO,  burners  alter  the  mixing  of  air,  fuel  and  combustion  products  within  the  flame  zone  to  reduce  NO, 
formation.  SCR  is  a  flue  gas  treadnent  technique  which  involves  the  reaction  of  flue  gas  NO,  with  ammonia 
in  a  catalytic  mirtnr  to  form  ninx>gen  and  water.  Results  are  presented  in  Vt  emissions  only  due  to  a  lack  of 
site  specific  data  in  the  (levised)  OEI  (1992).  Costs  are  base  on  previous  (NERA  1992)  Vt  estimates  appUed 
to  the  OEl  (1992)  and  boilers  emissions  forecast 

Refereoces 

NERA  1992;  OEI  1992;  Informelrica  1992. 

Unquantified  cost(s)/beDefit(s) 

Not  available 

Number  of  sources 

Not  available 

1985  emissions  NO, 

51  502 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

4  550 

tonnes  (OH  1992) 

Potential  reduction  in  NO, 

88* 

(NERA  1992) 

Potential  reduction  in  VOCs 

0% 

2005  emiisions  NO, 

81  740 

tonnes  (OEI  1992;  Infwmetrica) 

2005  emissions  VOCs 

6  630 

tonnes  (OEI  1992;  Informetrica) 

Reduction  in  NO,  (2005) 

71  931 

tonnes 

Reduction  in  VOCs  (2005) 

0 

tonnes 

Lifetime  of  action 

20 

years 

Capita]  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

0.6 

^ 

Operating  cost  multiplier 

$9  515 

1990$/t  emissions  reduced 

Operating  cost  exponent 

1 

(Quantified  benefit  multiplier 

Assumed  included  in  operating  cost  multipUer 

CJuandfied  benefit  intercept 

Not  applicable- 

Discount  rale 

6% 

Private 

3% 

Social 

Total  net  cost  of  action  (1990$) 

CUpital($) 

Operating  costs($/a) 

Benefits  (Va) 

Annual  net  cost  ($/a) 

No)  available 

Not  available 

Not  available 

$684  425  368 
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NO,  and  VOC  action  summary  information  sheet 

BOILERS1&3 

Sources  affected 

Point  sources  boilers  (external  combustion  -  industrial,  commercial  and  institutional;  process  heaters) 

Type  of  action 

Add  on  control 

Action 

Low  NO.  &  SNCR 

Description 

Low  NO,  burners  alter  the  mixing  of  air,  fuel  and  combustion  products  within  This  reduces  the  tempcTBture 
and  the  oxygen  concentration  m  the  combustion  SNCR  is  a  flue  gas  treatment  techmque  which  involves  the 
uijection  of  either  Results  are  presented  in  Vt  emissions  only  due  to  a  lack  of  site  specific  data  in  die 
(revised)  OEl  (1992)  Costs  are  base  on  previous  (NERA  1992)  $/l  estimates  apphed  to  the  OH  (1992)  and 
boilers  emissions  forecast 

References 

NERA  1992;  OEl  1992;  Infotmetnca  1992. 

Unquantified  cost(s)/beDefit(s) 

Not  available 

Number  of  sources 

Not  available 

1985  emissions  NO, 

51  502 

tonnes  (OEl  1992) 

1985  emissions  VOCs 

4  560 

tonnes  (OEl  1992) 

PotentiaJ  reduction  in  NO, 

76% 

(NERA  1992) 

Potential  reduction  in  VOCs 

0* 

2003  emissions  NO, 

81  740 

tonnes  (OEl  1992;  Informetnca) 

2003  emissions  VOCs 

6  630 

tonnes  (OEl  1992;  Informetnca) 

Reduction  in  NO,  (2005) 

62  095 

tonnes 

Reduction  in  VOCs  (2005) 

0 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operaimg  cost  mulDplier 

Capital  cost  exponent 

0.6 

Operating  cost  multiplier 

$2  756 

1990$/!  emissions  reduced 

Operating  cost  exponent 

1 

Quantified  benefit  multiplier 

Assumed  included  in  operating  cost  muloplier 

(Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6% 

Private 

3* 

Social 

Total  net  cost  of  action  (1990$) 

C:apital  ($) 

Operating  costs($/a) 

Benefits  (Va) 

Annual  net  cost  ($/a) 

Not  available 

Not  available 

Not  available 

$171  133  820 

HickunG 
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NO,  end  VOC  action  nuniiur)'  infomutioa  ihccl 

DECREASE] 

Sources  affected 

Area  source  SC  104  (small  industry  -  commercial  degreasing) 

Type  of  action 

Process  modificanon 

Action 

Freeboard  cover  in  degreasing  operations. 

DescriptioD 

Control  evaporabon  frtnn  the  solvent  tank  by  trapping  solvent  vapours  with  a 
savings  are  due  to  reduced  solvent  use  Action  is  assumed  to  apply  to  only  so 

freeboard  cover.  Cost 
vent  based  degreasing. 

References 

Pechan  1992;  OEI  1992 

Uoquaniified  cost(s)/beDefit(s) 

Not  available 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

402 

tonnes  (OEI  1992) 

Pocential  reduction  in  NO, 

0% 

Potential  reduction  in  VOCs 

83* 

(Pechan  1992) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

719 

tonnes 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

597 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

$276 

(1990$)/!  uncontroUed 

$214 

(1988  US$)/long  ton 
luconlroUed  emissions 
(Pechan  et  al  1992) 

Capital  cost  exponent 

1 

Operating  cost  multiplier 

JO 

(1990$)A  uncontroUed 
eimssions/a 

$0 

(1988  US$)/long  ujn 
uncontroUed  emissions/a 
(Pechan  et  al  1992) 

Operating  cost  exponent 

1 

Quantified  benefit  multiplier 

$27 

(1990$  VI  uncontroUed 
eimssions/a 

$21 

(1988  US$)floog  ton 
uncontroUed  emis-sions/a 
(Pechan  1992) 

Quantified  benefit  intercept 

0 

Discount  rate 

6* 

Pnvate 

3* 

Social 

Tocal  net  cost  of  action  (1990S) 

Capital  ($) 

Operanng  costs($/a) 

Benefits  ($/a) 

Annual  net  cost  ($/a) 

$198  648 

$0 

($19  401) 

($6  04«) 

HicklinG 
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NO,  and  VOC  action  sanmury  infomiatioii  sheet 

DECREASE? 

Sources  affected 

Area  source  SC  104  (small  industry  -  commercial  degreasmg) 

Type  of  action 

Prtjcess  modification 

Action 

Refrigerated  freeboard  cover 

DescriptioD 

Control  evaporation  from  the  solvent  tank  by  lowering  die  air  temperamre  at  the  solvent  vapour/air 
interface,  causing  die  vapour  to  condense.  Cost  savings  due  to  reduced  solvent  loss.  Action  is  assumed 
to  apply  10  only  solvent  based  degreasing 

References 

CARB  1991c:  Om  1992 

Unquandfied  cost(s)/benefit(s) 

Not  available 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

402 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

0% 

Potential  reduction  in  VOCs 

25* 

(CARB  1991c) 

2005  emissions  NO, 

0 

toones 

2005  emissions  VOCs 

719 

tonnes 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

180 

lofmes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operating 
cost  muldplier 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

$3  835 

(1990$)/!  uncontrolled 
emissioos/a 

$2 

(1991  US$)/pound 
uncoolrolled  emis-sions/a 
(CARB  1991c) 

Operating  cost  exponent 

Not  applicable 

Quantified  benefii  multiplier 

Included  in  operating 
cost  multiplier 

(Quantified  benefit  intercept 

Included  in  operating 
cost  muldplier 

Discount  rate 

6% 

Pnvaie 

3» 

Soaal 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operadng  costs($/a) 

Benefits  (Va) 

Annual  net  cosi  ($/a) 

Not  available 

Not  available 

Not  available 

$2  757  552 

hiCKLING 
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NO,  and  VOC  action  nunmary  inTormatioa  sheel 

DECREASES 

Sources  ^fTected 

Area  source  SC  104  (small  industry  -  commercial  degieasing) 

Type  of  actioa 

Process  modification 

Actioo 

Freeboard  ratio 

DeschpdoD 

Increase  the  freeboard  ratio  (a  number  indicating  the  height  of  the  cleaner  wall  above  the  liquid  or 
solvent/vapour  interface)  from  0.75  to  1.00  to  reduce  solvent  evaporation.  Cost  savings  are  due  to 
reduced  solvent  loss.  Action  is  assumed  to  apply  to  only  solvent  based  degreasing. 

Refereaces 

CARB  1991c;  OEl  1992. 

Unquaotified  cost(s)/beiiefit(s) 

Not  available 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

402 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

0% 

Potential  reduction  in  VOCs 

38% 

(CARB  1991c) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

719 

tonnes 

Reduction  in  NO,  (2005) 

0 

tomes 

Reduction  in  VOCs  (2005) 

270 

tonnes 

Lifenme  of  action 

20 

years 

Capital  cost  multiplier 

Included  in 

opcranng  cost 

multiplier 

Capital  cost  exponent 

Not  applicable 

Operating  cost  muloplier 

$256 

(1990$)/!  unconlroUed 
emissions/a 

$0.1 

(1991  US$Vpound 
imcontroUed  emis-siotis/a 
(CARB  1991c) 

Operating  cost  exponent 

Not  applicable 

Quantified  benefit  multiplier 

included  in 

operating  cost 

multiplier 

(Quantified  benefit  intercept 

Included  in 

Discount  rale 

6* 

Private 

3* 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs($/a) 

Benefits  ($/a) 

Annual  net  cost  ($/a) 

Not  available 

Not  available 

Not  available 

$183  837 
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NO,  and  VOC  action  sninmary  infomution  sheet 

DEGREASE4 

Sources  affected 

Area  source  SC  104  (small  industry  •  commercial  degrcasing) 

Type  of  action 

Add  on  control 

Action 

Carbon  adsorption 

Description 

Carbon  adsorbers  collect  VOC  emissions  from  solvents  used  in  degrcasing  operations.  Action  is 
assumed  to  apply  to  only  solvent  based  degreasing. 

References 

CARB  1991c;  OH  1992 

Unquantified  cost(s)/benefit(s) 

Additional  generation  of  solid/liquid  waste  may  result. 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

402 

tonnes  (OEI  1992) 

Poteolial  leducdon  in  NO, 

0% 

Potential  reduction  in  VOCs 

68% 

(CARB  1991c) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

719 

tonnes 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

486 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  m  operanng 
cost  mulnplier 

Coital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

SI4  242 

(1990$)/t  unconitoUed 
emissions/a 

$6 

(1991  US$)/pound 
uncontrolled  emissions/a 
(CARB  1991c) 

Operating  cost  exponent 

Not  applicable 

Quantified  benefit  multiplier 

Included  in  operanng 
cost  mulnplier 

(Juaotificd  benefit  intercept 

Included  in  operaong 
cosi  mulnplier 

Discount  rate 

6% 

Pnvaie 

3* 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operanng  cosis(Va) 

Benefits  (S/a) 

Annual  net  cost  (S/a) 

Noi  applicable 

Not  applicable 

Not  applicable 

$10  239  710 

HicklinG 
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NO,  and  VOC  action  summary  information  sbctl 

DEGREASE1&4 

Sources  affected 

Area  source  SC  104  (small  industry  -  commercial  degreasing) 

Type  of  actioD 

Process  modification/ Add  on  control 

Action 

Fteeboard  cover  and  carbon  adsorption 

Desciiptioo 

CoQtrol  evaporation  from  the  solvent  tank  by  trapping  solvent  vapours  with  a  freeboard  cover  and 
collect  VCX^  with  carbon  adsorbers  Cost  calculation  based  on  VCXTs  $/t  for  each  of  the  two  actions 
(DEGREASEl  and  DEGREASE4).  First  83%  of  VOC  reduction  (597  tonnes)  at  a  cost  of  ($3)/tonne 
plus  remaining  1 1  4%  of  VOC  reduction  (82  tonnes)  at  a  cost  of  $2!.099/tonne.  Action  is  assumed  to 
apply  to  only  solvent  based  degreasing 

References 

CARB  1991c;  Pechan  1992;  OEl  1992. 

Unquantified  cost(s)/benefit(s) 

Additional  generation  of  solid/liquid  waste  may  result 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

402 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

0% 

Potential  reduction  in  VOCs 

94% 

0.83  (DEGREASEl)  •  (1-0.83)  •  0.675 
(DEGREASE4) 

2005  emissions  NO, 

0 

toniKS 

2005  emissions  VOCs 

719 

tonnes 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  m  VOCs  (2005) 

679 

unnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Not  applicable 

Capital  cost  exponent 

Not  applicable 

Openuing  cost  multiplier 

Not  applicable.  Annual  net  cost  (S/a)  is  tbc  summation  oftbe  annual  net  cost  of  DEGREASEl  and 
DEGREASE4  (Pechan  and  Assoaates  1992  and  CARB  1991c) 

Operating  cost  exponent 

Not  applicable 

(Quantified  benefit  multiplier 

Not  applicable 

(Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6% 

Private 

3% 

Social 

Total  net  cost  of  action  (1990$) 

(jpital  ($) 

Operating  costs(S/a) 

Benefits  (S/a) 

Annual  net  cost  (S/a) 

Not  available 

Not  available 

Not  available 

SI0  233  661 

HICKlInG 
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NO,  and  VOC  actioa  snmiiury  information  sheet 

DRYCLEANl 

Sources  affected 

Area  source  SC  105  (dry  cleaning) 

Type  of  action 

Process  modificaoon 

Action 

Recovery  dryers  in  petroleum  dry  cleaning  operations 

DescriptiOD 

In  the  dryer,  vapours  emitted  from  the  articles  are  recovered  by  condensarion.  Apphes  only  to 
petroleum  based  dry  cleaning  operations  (25%  of  dry  cleaning  solvent  in  Canada)  Technology 
control  efficiency  of  70%  applies  to  25%  of  VOC  emissions  from  SC  105  (dry  cleaning)  (CCME 
1990a).  to  give  a  potential  reduction  of  VOC  of  17.5%. 

References 

Pechan  1992;  CCME  1990a;  OH  1992. 

Unquantified  cost(s)/benefit(s) 

Not  available 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEl  1992) 

1985  emissions  VOCs 

5  508 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

0.0% 

Potential  reduction  in  VOCs 

17.5% 

(0.70  (emissions  reduction  potential)  x  0.25  (share  of  dry  cleaners  using 
petroleum  solvents)  (Pechan  1992) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

6  278 

tonnes 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

1  099 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

$13  595 

(1990$)/t  uncontroUed 

$10  530 

(1988  US$)/loog  ton 
uncontrolled  emis-sions 
(Pechan  1992) 

Capital  cost  exponent 

1.000 

Operating  cost  multiplier 

$1  971 

(1990$)A  uncontrolled 
emissions/a 

$1  527 

(1988  US$)floog  ton 
uncontroUed  emis-sions/a 
(Pechan  1992) 

Operating  cost  exponent 

1.000 

Quantified  benefit  multiplier 

$628 

(1990$)/!  uncontroUed 
emissions/a 

$486 

(1988  US$)/long  ton 
uncontroUed  emis-sions/a 
(Pechan  1992) 

(}uandfied  benefit  intercept 

Not  applicable 

Discount  fate 

6% 

Private  (capital  costs  are  assumed  paid  by  the  private  sect.) 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs($/a) 

Benefits  ($/a) 

Annual  net  cost  ($/a) 

$21  337  549 

$3  094  179 

($985  222) 

$3  969  262 

HicklinG 
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NO.  and  VOC  action  summary  information  ihcet 

DRYCLEAN2 

Sources  affected 

Area  source  SC  105  (dry  cleaning) 

Type  of  actioD 

Process  modification 

Acaon 

Require  "closed"  or  "ventless"  dry-to-dry  equipment  in  petchloioethy 
operations 

eoe  dry  cleaning 

Description 

Replace  transfer  system  with  dry-tOKliy  system  wheie  washing  and  drying  are  peiformed  in  a 
single  umt  elmiinating  VOC  emissions  during  transfer  operations.  Applies  only  to 
perchloroetbylene  based  dry  cleaning  opeiations  (75%  of  dry  cleaning  solvent  use  in  Canada) 
Technology  control  efficiency  of  50%  applies  to  75%  of  VOC  emissions  from  SC  105  (dry 
cleaning)  (CCME  1990a).                                                                                                    ^ 

References 

SCAQMD  1991b:  CCME  1990a;  OEI  1992. 

Unquantified  cosKsVbenefitfs) 

Reduction  in  emissions  of  and  exposures  to  a  potentially  toxic  and  carcinogenic  air  pollutants 
(eg.  organochlorines). 

Number  of  sources 

Not  available 

1 985  emissioDS  NO, 

0 

tonnes  (OO  1992) 

1985  emissions  VOCs 

5508 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

0.0% 

Potential  reduction  in  VOCs 

37.5% 

(0.50  (emissions  reducilon  potential)  x  0.25  (dry  cleaners  using 
perchloroetbylene)  (SCAQMD  1991b) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

6  278 

tonnes 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

2  354 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in 

operating  cost 

multiplier 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

$8  349 

(1990$yionnc 
emissions  reduced/a 

$7  200 

(1991  US$)/Iong  ton 
emissions  reduced/a 
(SCAQMD  1991b) 

Operating  cost  exponent 

Included  in 

operating  cost 

multiplier 

Quantified  benefii  multiplier 

Included  in 

opeiating  cost 

multiplier 

(Quantified  benefit  iotercepi 

Not  applicable 

Discount  tale 

6% 

Pnvate 

3% 

Social 

Total  net  cost  of  action  (1990J) 

Capital  ($) 

Operating  costs(J/a) 

Benefits  (l/a) 

Annual  net  cost 
(Va) 

Not  available 

Not  available 

Not  available 

$19  654  678      | 

HicklinG 
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NO,  and  VOC  tdion  nunnury  information  sheet 


Sources  affected 


Type  of  action 


Desciiplioo 


Unquandfied  cost(s)/beDefit(s) 


(2005) 


Number  of  sources  affected  (2005) 


1985  emissions  NO, 


1985  emissions  VOCs 


Potential  reduction  in  NO, 


Potential  reduction  in  VOCs 


2005  emissions  NO, 


2005  emissions  VOCs 


Reduction  in  NO,  (2005) 


Reduction  in  VOCs  (2005) 


Lifetime  of  action 


Capital  cost  mulitplier 


Capital  cost  expooeni 


Operating  cost  multiplier 


Operating  cost  exponent 


Quantified  benefil  multiplier 


(Quantified  benefit  intercept 


Total  net  cost  of  action  (1990$) 


Mobile  sources  SC  001.  002  -  oo-rtad  mobile  vehicles 


Emissions  reduction 


Enhanced  inspection  and  maintenance  program 


Assume  l&M  program  results  in  100%  achievement  of  performance  standartls.  Annual  testing  of  light  duty 
passenger  vehicle  emissions.  Testing  includes  evaporative  emissions  and  loaded  dynamonilor  testing.  Costs 
are  based  on  MTO  program  at  cost.  Expected  capital  cost  is  $3(Vvehicle  Cost  per  inspection:  $21  to  $26 
(average  $23),  including  discounted  capital  costs  and  operating  costs  (average  $18).  Vehicle  repair  costs  are 
not  estimated.  A  charge  for  emissions  testing  to  vehicle  operators  may  off-set  all  or  part  of  costs. 


Personal  commumcation  with  Michael  Young,  MOE  1993;  OEl  1992;  MTO  1988;  Environment  Canada 
1992. 


Energy  savings.  CO  reduction  (39*);  vehicle  owner  mainenance  costs  of  meeong  emissions  standards. 


Ught  duty  gasoline  and  diesel  passenger  vehicles  (MTO  1988) 


estimated  light  duty  gasoline  and  diesel  passenger  vehicles  included  in  program 
2005  (MTO  1988) 


tonnes  (assumes  38.5%  of  total  emissions  from  light  duty  passenger  vehicles  in 
1985  covered  by  the  program) 


tonnes  (assumes  38.5%  of  total  emissions  from  hghl  duty  passenger  vehicles  in 
1985  covered  by  the  program) 


per  vehicle  in  program 


per  vehicle  in  program 


tonnes  (assumes  38.5%  of  emissions  from  light  duty  passenger  vehicles  covered 
by  die  program  (OEl  1992;  MTO  1988;  Environment  Canada  1992) 


tonnes  (assumes  38.5%  of  emissions  from  light  duty  passenger  vehicles  covered 
by  the  program  (OEl  1992;  MTO  1988;  Environment  Canada  1992) 


$30         (1990$)/vehicle  (capital  invesoneol  from  public  sector) 


Not  applicable 


(l990$)/vehicle/a  (public  sector  operaung  cost) 


Not  applicable 


Not  applicable 


Not  applicable 


Total  capital  cost  ($) 


Social  (assumed  public  sector  capital  expenditure) 


Operating  costs  (Va) 


Annual  net  cost  (Va) 


HicklinG 
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NO,  ■nd  VOC  action  nimnur)'  informatioa  (heet 

REF#: 

HDDVl 

Sources  affected 

Mobile  source  SC  010  -  new  heavy  duty  diesel  trucks  (>8  560lb5) 

Type  of  action 

Exhaust  emissions  controls 

Action 

Reduce  NO,  emissions  from  heavy  duty  diesel  vehicles  from  6.0  g/bhp-hr  to  4.0  g/bhp-hr. 

Description 

Proposed  Canadian  exhaust  emissions  Standards.  Implemented  beginning  in  1996  new  vehicle  fleet  year. 
Excludes  buses.  Costs  based  on  heavy  duty  truck  (Sypher  Mueller  1992b).  Total  annualized  capital  cost 
is  the  summation  of  the  discounted  net  present  value  of  the  capital  cost  multiplier  per  new  fleet  vehicle 
beginmng  in  1996  to  2005.  Capital  costs  are  discounted  at  6%  Net  present  value  is  calculated  at  3%. 
Total  annual  operating  costs  are  the  net  present  value  of  the  operating  cost  multiplier  per  new  vehicle 
from  1996  to  2005. 

References 

Sypher  MueUer  1992b  OEl  1992;  MTO  1988;  Environment  Canada  1992b 

Unquantified  cost(s)/benefits(s) 

Reduces  particulate  emissions;  fuel  use  and  operations  and  maintenance. 

Number  of  sources  (2005) 

100  039 

Heavy  duty  vehicles  (MTO  1988) 

Number  of  sources  affected  (2005) 

70  049 

New  vehicle  fleet  heavy  duty  vehicles  (MTO  1988) 

1985  emissions  NO, 

50  065 

tonnes  (OEl  1992) 

1985  emissions  VOCs 

6  204 

tonnes  (OEl  1992) 

Potential  leductioo  in  NO, 

33% 

(new  trucks)  (Sypher 
Mueller  1992b) 

15% 

Total  vehicle  fleet 
(2005) 

Potential  reduction  in  VOCs 

0% 

(new  trucks)  (Sypher 
Mueller  1992b) 

0% 

Total  vehicle  fleet 
(2005) 

2005  emissions  NO. 

54  842 

tomies  (Oe  1992;  MTO  1988;  Environment  Canada  1992b) 

2005  emissions  VOCs 

10  070 

tonnes  (OEl  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

8204 

tonnes 

Reduction  in  VOCs  (2005) 

0 

tonnes 

Lifetime  of  action 

8 

years 

Capital  cost  multiplier 

$750 

(1990$Vvehicle  (Sypher  Mueller  1992b) 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

$1  003 

(1990$)/vehicle/a  Includes  operating  and  maintenance  costs  (Sypher 
Mueller  1992b) 

Operating  cost  exponent 

Not  applicable 

Quantified  benefit  multiplier 

Included  in  operating  cost  multiplier 

(Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6% 

Private 

3* 

Social 

Total  net  cost  of  action  (1990$) 

Annualized  capital  (Va) 

Operanng  costs(S/a) 

Benefits  (Va) 

Total  annual  net  cost 

(Va) 

$7  361  601 

$61  134  885 

Not  available 

$68  4%  486 
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NO,  and  VOC  mOioa  numnar;  informatioa  (hcet 

HDGVl 

Sources  affected 

Mobile  source  SC  009  -  new  heavy  duty  gasoline  trucks  (>8  5001bs) 

Type  of  acdoQ 

Exhaust  emissions  controls 

Actioa 

Reduce  NO,  emissions  from  heavy  duty  gasoline  vehicles  frtm  6.0  g/bhp-hr  to  4.0  g/bhp-hr. 

DesdipUGn 

Proposed  Canadian  exhaust  emissions  standards.  Implemented  beginning  in  1996  new  vehicle  fleet 
year.  Excludes  buses.  Costs  based  on  heavy  duty  truck  (Sypber  Mueller  1992b)  Total  annualized 
capital  cost  is  the  summation  of  the  discounted  net  present  value  of  the  capital  cost  multiplieT  per 
new  fleet  vehicle  beginmng  in  1996  to  2005  Capital  costs  are  discounted  at  6%  Net  present  value  is 
calculated  at  3%.  Total  annual  operating  costs  are  the  net  present  value  of  the  operating  cost 
multiplier  per  new  vehicle  from  19%  to  2005. 

Refoences 

Sypher  MueUcr  1992b  OEI  1992;  MTO  1988:  Environment  C:anada  1992b 

Unquantified  cost(sVbeDefits(s) 

Reduces  particulate  emissions:  fuel  use  and  operations  and  maintenance 

Number  of  sourees  (2005) 

71  300 

Heavy  duty  vehicles  (JvfTO  1988) 

49  913 

New  vehicle,  fleet  heavy  duty  vehicles  (MTO  1988) 

1985  emissions  NO, 

840 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

1  247 

tonnes  (OEI  1992) 

Potcniial  leductioo  in  NO, 

33% 

(new  trucks)  (Sypher 
Mueller  1992b) 

13* 

Total  vehicle 
fleet  (2005) 

Potential  reductioo  in  VOCs 

0* 

(new  trucks)  (Sypher 
MueUer  1992b) 

0% 

Total  vehicle 
fleet  (2005) 

2005  emissions  NO, 

1530 

tonnes  (OS  1992:  MTO  1988.  Environment  Canada  1992b) 

2005  emissions  VOCs 

900 

tonnes  (OEI  1992:  MTO  1988;  Environment  Canada  1992b) 

Reducnoo  in  NO,  (2005) 

202 

tonnes 

Reductioo  in  VOCs  (2005) 

0 

loones 

Lifetime  of  action 

8 

years 

Capital  cost  muldpliei 

$1  764 

(1990J)/vehicle  (Sypher  Mueller  1992b) 

Capital  cost  expooeot 

Not  applicable 

Operating  cost  mulnplier 

SI  003 

(1990S)/vehicle/a  Includes  operating  and  maintenance  costs  (Sypber 
Mueller  1992b) 

Operating  cost  exponent 

Not  applicable 

• 

.  (Quantified  benefit  roulbpber 

Included  in  operating  cost  multiplier 

(Juantified  benefit  intercept 

Not  applicable 

Discount  rale 

6» 

Pnvatc 

3% 

Soaal 

Total  net  cost  of  action  (1990S) 

Annualized  capital  (Va) 

Operating  costs(»a) 

Benefits  (S/a) 

Total  annual  net 
cost  ($/a) 

$12  337  064 

$43  560  348 

Not  applicable 

$55  897  412 

HicklinG 
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NO,  and  VOC  action  summary  information  sheet 

LDDTl 

Sources  affected 

Mobile  sources  SC  006  -  new  light  duty  diesel  trucks 

Type  of  action 

Emissions  conirol 

Action 

Reduce  VOC  emissions  from  0.8  to  0.28  g/mile  and  NO,  emissions  from  1.7  to  0.7  g/mile 

Description 

Proposed  Canadian  exhaust  emissions  standards.  Action  implemented  beginning  in  1996  new  vehicle  year. 
Costs  based  on  (Sypher  Mueller  1992b)  Total  annualized  capital  cost  is  the  summation  of  the  discounted 
net  present  value  of  the  capital  cost  multiplier  per  new  fleet  vehicle  beginmng  in  1996  to  2005.  Capital 
costs  are  discounted  at  6%.  Nel  presenl  value  is  calculated  at  3%.  Total  annual  operating  costs  are  die  net 
present  value  of  die  operating  cost  per  new  vehicle  from  1996  to  2005 

References 

Sypher  MueUer  1992a;  OEI  1992:  MTO  1988;  Environment  Canada  1992b 

Unquantified  cost(sybenelit(s) 

Fuel  use  up  or  down,  operations  and  maintenance  costs,  particulate,  carbon  monoxide,  sulphur  dioxide  and 
carbon  dioxide  emissions 

Number  of  sources  (2005) 

105  100 

vehicles  (MTO  1988) 

Number  of  source  affected  (2005) 

95  666 

new  fleet  vehicles  (MTO  1988) 

1985  emissions  NO, 

333 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

109 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

59% 

new  vehicle  (Sypher 
Mueller  1992a) 

50* 

total  vehicle  fleet  (2005) 

Potential  reduction  in  VOCs 

65* 

new  vehicle  (Sypher 
Mueller  1992a) 

37% 

total  vehicle  fleet  (2005) 

2005  emissions  NO, 

600 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

2005  emissions  VOCs 

255 

tonnes  (OB  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

302 

tonnes 

Reduction  in  \OCs  (2005) 

95 

tonnes 

Lifetime  of  action 

5 

years 

Capital  cost  multiplier 

$1  090 

(l990$)/vehiclc  (Sypher  Mueller  1992a) 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

($129) 

(1990$)/vehicle/a  Includes  increased  operanng  costs  and  mamienance  savings 
(Sypher  Mueller  1992a) 

Operating  cost  exponent 

Not  applicable 

(Quantified  benefit  multiplier 

Included  in  operaQng  cost  multiplier 

Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6» 

Pnvate 

3* 

Sodal 

Total  net  cost  of  action  (1990$) 

Annualized  capital 
costs  (S/a) 

Annualized  operating  costs 

(Va) 

Benefits  ($/a) 

Total  annual  net  cost 

(Va) 

$21  559  256 

($10  747  881) 

Not  available 

$10  811  375 

HicklinG 
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NO,  and  VOC  actioo  samnury  infonnation  sheet 

U)DT2 

Sources  affected 

Mobile  sources  SC  006  -  new  ligbi  duty  diesel  trucks 

Type  of  actioo 

Emissions  control 

Action 

Reduce  VOC  emissions  from  0.8  to  0.143  gAnile  and  NO,  emissions  ftom  1.7  to  0J5  g/mile. 

Descriptioo 

California  transitioaa]  low  emission  vehicle  standards.  Action  implemented  beginning  in  1996  new  vehicle 
year.  Costs  based  on  (Sypher  Mueller  1992b)  Total  annualized  capital  cost  is  the  summation  of  the 
discounted  net  present  value  of  the  capital  cost  muluplier  per  new  fleet  vehicle  beginning  in  19%  to  2005. 
Capital  costs  are  discounted  at  6*.  Net  present  value  is  calculated  at  3*  Total  annual  operating  costs  are 
the  net  present  value  of  the  operating  cost  per  new  vehicle  frtnn  1996  to  2005 

References 

Sypher  MueUer  1992a;  OEl  1992.  MTO  1988;  Environment  Canada  1992b 

llDquantified  cx>st(sybenefit(s) 

Fuel  use  up  or  down,  operations  and  maintenance  costs,  particulate,  carhon  monoxide,  sulphur  tiioxide  and 
carbon  dioxide  emissions 

Number  of  sources  (2005) 

105  100 

vehicles  (MTO  1988) 

Number  of  source  affected  (2005) 

95  666 

new  fleet  vehicles  (MTO  1988) 

1985  emisaoDS  NO, 

333 

tonnes  (OEl  1992) 

1985  emissiom  VOCs 

109 

tonnes  (OEl  1992) 

Potential  reduction  in  NO, 

68* 

new  vehicle  (Sypher 
Mueller  1992a) 

58% 

total  vehicle  fleet  (2005) 

Potential  reduction  m  VOCs 

82% 

new  vehicle  (Sypher 
Mueller  1992a) 

47% 

total  vehicle  fleet  (2005) 

2005  emissions  NO, 

600 

tonnes  (OEl  1992;  MTO  1988;  Environment  Canada  1992b) 

2005  emissions  VOCs 

255 

tonnes  (OEl  1992;  MTO  1988;  Envirtmment  Canada  1992b) 

Reducooo  in  NO,  (2005) 

347 

tonnes 

Reduction  in  VOCs  (2005) 

120 

tonnes 

Lifetime  of  action 

5 

years 

Capital  cost  multiplier 

$2  070 

(1990$)^ehicle  (Sypher  Mueller  1992a) 

Capital  cost  exponent 

Not  applicable 

Operanng  cost  multiplier 

(1226) 

(l990$)/vehicle/a  Includes  increased  operating  costs  and  maintenance  savings 
(Sypher  Mueller  1992a) 

Operating  o^st  exponent 

Not  applicable 

(Quantified  benefit  multiplier 

Included  in  operating  cost  multiplier 

(Quantified  benefit  intercept 

Not  applicable 

[hscounl  rate 

6» 

Private 

3» 

Social 

Total  net  cost  of  acbon  (199(B) 

Annualized  capital 
costs  (Va) 

Annualized  operating  costs 

(V.) 

Benefits  (Va) 

Total  annual  net  cost  ($/a) 

$40  942  807 

($18  829  621) 

Not  available 

$22  113  186 

HickLlNG 
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NO,  mad  VOC  action  sanmury  infomulion  ihcct 

LDDT3 

Sources  affected 

Mobile  sources  SO  006  -  new  light  duty  diesel  trucks 

Type  of  action 

Emissions  control 

ActiOD 

Reduce  VOC  emissions  from  0  8  to  0.088  g/mile  and  NO,  emissions  from  1.7  to  0.3  g/mile. 

DesctipdoD 

California  low  emission  vehicle  standards.  Action  imipemented  beginning  new  1996  new  vehicle  year. 
Costs  based  on  (Sypher  Mueller  1992b).  Total  annualized  capital  cost  is  the  summation  of  the  discounted 
net  present  value  of  tile  capital  cost  multiplier  per  new  fleet  vehicle  beginning  m  1996  to  2005.  Capital 
costs  are  discounted  at  6%.  Net  present  value  is  calculated  at  3%.  Total  aimual  operating  costs  arc  the  net 
present  value  of  the  operating  cost  per  new  vehicle  from  1996  to  2005 

References 

Sypher  MueUer  1992a,  OEI  1992;  MTO  1988;  Environment  Canada  1992b 

Unquanlificd  cost(s)/beiiefit(s) 

Fuel  use  up  or  down,  operations  and  maintenance  costs,  particulate,  carbon  monoxide,  sulphur  dioxide  and 
carbon  dioxide  emissions. 

Number  of  sources  (2005) 

105  100 

vehicles  (MTO  1988) 

Number  of  source  affected  (200S) 

95  666 

new  fleet  vehicles  (MTO  1988) 

1985  emissioas  NO, 

333 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

109 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

82* 

new  vehicle  (Sypher 
Mueller  1992a) 

70* 

total  vehicle  fleet  (2005) 

Potential  reductioa  in  VOCs 

89% 

new  vehicle  (Sypher 
Mueller  1992a) 

51% 

total  vehicle  fleet  (2005) 

2005  emissions  NO, 

600 

tonnes  (OEI  1992:  MTO  1988;  Environment  Canada  1992b) 

2005  emissions  VOCs 

255 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

423 

tonnes 

Reduction  in  VOCs  (2005) 

130 

tonnes 

Lifetime  of  action 

5 

years 

Capital  cost  multiplier 

$2  120 

(l990$)A'ehicle  (Sypher  Mueller  1992a) 

Capital  cost  upooent 

Not  applicable 

Operating  cost  multiplier 

($223) 

(l990$)A^ehicle/a  Includes  increased  operating  costs  and  maintenance  savings 
(Sypher  Mueller  1992a) 

Operating  cost  expooeni 

Not  applicable 

(Quantified  benefit  multiplier 

Included  in  operating  cost  multiplier 

(Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6» 

Private 

3* 

Social 

Total  net  cost  of  action  (1990S) 

Annualized  capital  costs 
(Va) 

Annualized  operatuig 
cosu  ($/a) 

Benefits  (Va) 

Total  aimual  net  cost 

(Va) 

$41  931  763 

($18  579  670) 

Not  available 

$23  352  093 

hiCKUNG 
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NO,  snd  VOC  action  summary  information  sheet 

LDDT3 

Sources  affected 

Mobile  sources  SC  006  -  new  light  duty  diesel  tnicks 

Type  of  acdoD 

Emissions  control 

Action 

Reduce  VOC  eimssions  from  0.8  to  0  088  g/mile  and  NO,  emissions  from  1.7  to  0.3  g/mile. 

Descripdon 

California  low  emissiOD  vehicle  standards.  Action  imlpemenied  beginning  new  19%  new  vehicle  year. 
Costs  based  on  (Sypher  Mueller  1992b).  Total  annualized  capital  cost  is  the  summanon  of  the  discounted 
net  present  value  of  the  capital  cost  multipUer  per  new  fleet  vehicle  beginning  in  1996  to  2005.  Capital 
costs  arc  discounted  at  6%.  Net  present  value  is  calculated  at  3%.  Total  annual  operating  costs  are  the  net 
present  value  of  the  operatmg  cost  per  new  vehicle  from  1996  to  2005 

References 

Sypher  MueUcr  1992a;  OEl  1992;  MTO  1988;  Environment  Canada  1992b. 

Unqiuntified  con(sVbenefit(s) 

Fuel  use  up  or  down,  operations  and  maintenance  costs,  particulate,  carbon  monoxide,  sulphur  dioxide  and 
carbon  dioxide  emissions. 

Number  of  sources  (2005) 

105  100 

vehicles  (MTO  1988) 

Number  of  source  affected  (2005) 

95  666 

new  fleet  vehicles  (MTO  1988) 

1985  emissions  NO, 

333 

tonnes  (OEl  1992) 

1985  emissions  VOCs 

109 

tonnes  (OB  1992) 

Poientukl  reduction  in  NO, 

82* 

new  vehicle  (Sypher 
Mueller  1992a) 

70* 

total  vehicle  fleet  (2005) 

Potential  reduction  m  VOCs 

89* 

new  vehicle  (Sypber 
Mueller  1992a) 

51* 

total  vehicle  fleet  (2005) 

2005  emissionj  NO, 

600 

tonnes  (OEl  1992;  MTO  1988;  Envuomnent  Canada  1992b) 

2005  emissions  VOCs 

255 

tonnes  (OEl  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

423 

tonnes 

Reduction  in  VOCs  (2005) 

130 

tonnes 

Lifeame  of  action 

5 

years 

Capital  cost  multiplier 

$2  120 

( 1 990J)A'ehicle  (Sypher  Mueller  1 992a) 

Capital  cost  expoaeni 

Not  applicable 

Operatmg  cost  muloplier 

(S223) 

(1990$)/vehicle/a  Includes  increased  operatmg  costs  and  maintenance  savings 
(Sypher  Mueller  1992a) 

Operating  cost  exponent 

Not  applicable 

(Juantified  -benefii  multiplier 

Included  in  operanng  cost  multiplier 

Oiantified  beoefii  intercept 

Not  applicable 

DiKouni  rate 

6* 

Private 

3* 

SoaaJ 

Total  net  cost  of  acnoo  (1990S) 

Annualized  capital 
costs  (Va) 

Annualized  operating  costs 

(S/a) 

Benefits  (Wa) 

Total  annua]  net  cost 
($/a) 

Ml  931  763 

($18  579  670) 

Not  available 

$23  352  093 
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NO,  and  VOC  action  SUI1111U17  information  sheet 

LDDVl 

Sources  affected 

Mobile  sources  SC  002  -  new  light  duty  diesel  vehicles 

Type  of  action 

Emissions  control 

Action 

Reduce  VOC  emissions  from  04  to  0.25  g/mile. 

Desciiptioa 

Proposed  Canadian  exhaust  emissions  standards.  Action  implemented  beginning  in  1996  new  vehicle  year.  Costs 
based  on  (Sypber  Mueller  1992b).  Total  annualized  capital  cost  is  the  summadon  of  the  discounted  net  present 
value  of  the  capital  cost  multiplier  per  new  fleet  vehicle  beginning  in  1996  to  2005.  Capital  costs  are  discounted 
at  6%.  Net  present  value  is  calculated  at  3%.  Total  annual  operating  costs  are  the  net  present  value  of  the 
operating  cost  per  new  vehicle  ^m  19%  to  2005. 

References 

Sypher  MueUer  1992a:  OEl  1992;  MTO  1988;  Environment  Canada  1992b 

Unquantified  cost(s)/beDefit(s) 

Fuel  use  up  or  down,  operations  and  maintenance  costs,  particulate,  carbon  monoxide,  sulphur  dioxide  and 
carbon  dioxide  emissions. 

Number  of  sources  (2005) 

99  600 

vehicles  (MTO  1988) 

Number  of  source  affected 
(2005) 

94  471 

new  fleet  vehicles  (MTO  1988) 

1985  emissions  NO, 

770 

tonnes  (OEl  1992) 

1985  emissions  VOCs 

221 

tonnes  (OEl  1992)    . 

Potential  reduction  in  NO, 

0% 

new  vehicle  (Sypher 
Mueller  1992a) 

0% 

total  vehicle  fleet  (2005) 

Potential  reduction  in  VOCs 

38% 

new  vehicle  (Sypher 
Mueller  1992a) 

15* 

total  vehicle  fleet  (2005) 

2005  emissions  NO, 

974 

tonnes  (OEl  1992;  MTO  1988;  Environment  Canada  1992b) 

2005  emissions  VOCs 

348 

tonnes  (OEl  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduction  in  NO.  (2005) 

0 

tonnes 

Reduction  in  VOCs  QXMS) 

57 

tonnes 

Lifetime  of  action 

5 

years 

Capital  cost  multiplier 

J483 

(1990$Vvehicle  (Sypher  Mueller  1992a) 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

•  ($30) 

(l990X)/vehicle/a  Includes  increased  operating  costs  and  maintenance  savings 
(Sypher  Mueller  1992a) 

Operating  cost  exponent 

Not  applicable 

(Quantified  benefit  inultiplier 

Included  in  operating  cost  muloplier 

Quantified  benefit  intercept 

Not  applicable 

Discount  rale 

6% 

Private 

3» 

Social 

Total  annual  net  cost  (S/a) 

Aimualized  capital 
costs  ($/a) 

Annualized  operating  costs 

(Va) 

Benefits  (Va) 

Total  annual  net  cost  ($/a) 

$9  458  355 

($2  474  660) 

Not  available 

$6  983  695 
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NO,  ud  VOC  acliaa  rammary  inromulioa  iheet 

I 

LDDV2 

Souroei  iffected 

Mobile  sources  SC  002  -  new  light  duty  diesel  vehicles 

Type  of  acQOD 

Emissicns  control 

Action 

Reduce  VOC  emissions  from  04  to  01 25  g/mile  and  NO,  emissioos  from  1  to  0  4  g/mile. 

Descnpooo 

C^forma  (raosiDonal  low  emissioo  vehicle  standartls.  Acbon  implemented  beginning  in  1996  new 
vehicle  year.  Cosa  based  on  (Sypber  Mueller  1^92b)  Total  annualized  capital  cost  is  the  summation  of 
the  discounted  net  present  value  of  ibe  capital  cost  mulbplier  per  new  fleet  vehicle  begmmng  in  19% 
to  2005  Capital  costs  are  discounted  at  6%  Net  present  value  is  calculated  at  3%  Total  annual 
operating  costs  are  the  net  present  value  of  the  operating  cost  per  new  vehicle  from  1996  lo  2005 

References 

Sypher  MueUer  1992a;  OH  1992;  MTO  1988.  Enviroomeni  Canada  1992b 

Unquanlified  cosKsVbenefitd) 

Fuel  use  up  or  down,  operations  and  maintenance  costs,  paniculate,  carbon  monoxide,  sulphur  dioxide 
and  carbon  dioxide  emissions 

Number  of  sources  (2005) 

99  600 

vehicles  (MTO  1988) 

Number  of  source  sffected  (2005) 

94  471 

new  fleet  vehicles  (MTO  1988) 

1985  emissions  NO, 

770 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

221 

tonnes  (OH  1992) 

Poteotul  reducooD  m  NO, 

60* 

new  vehicle  (Sypher 
Mueller  1992a) 

47% 

total  vehicle  fleet 

(2005) 

Potennil  reducbon  in  VCXj 

69* 

new  vehicle  (Sypber 
Mueller  1992a) 

28* 

total  vehicle  fleet 

(2005) 

2005  emissions  NO, 

974 

tonnes  (OH  1992;  MTO  1988;  EnvtronmenI  Canada  1992b) 

2005  emiuions  VOCs 

348 

tonnes  (OH  1992.  MTO  1988.  EnvtronmenI  Canada  1992b) 

Reducnon  in  NO,  (2005) 

485 

tonnes 

Reducooo  in  VOO  (2005) 

103 

tonnes 

Lifebme  of  aclioD 

5 

years 

Cjpital  cost  mulbplier 

SS41 

(I990IVvehicle  (Sypber  Mueller  1992a) 

Capital  cost  eipooent 

Not  applicable 

OpcranDg  cost  muloplicr 

(S40) 

(1990$Vvehicle/a  Includes  increased  operanng  costs  and  mamtenance 
savings  (Sypher  Mueller  1992a) 

Operaon;  cost  exponcni 

Not  applicable 

Quanoficd  beoefii  mulDptier 

Included  in  operanng  cost  muloplicr 

Quantified  benefii  intercept 

Not  applicable 

Discount  rue 

6» 

Pnvate 

3» 

Social 

Total  net  con  of  actiaii  (1990S) 

Annualized  capital 
cosu  (Va) 

Annualized  operaong 
costs  (S/a) 

Beoefiis  (S/a) 

Total  innual  net  cost 
(Va) 

S10  594  141 

($3  299  547) 

Not  available 

$7  294  594 

HICmNG 
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NO,  and  VOC  Ktioo  tnmiiur>  infomiatioD  sbccl 

LDDV3 

Sources  Arrcctcd 

Mobile  sources  SC  002  -  new  light  duty  diesel  vehicles 

Type  of  acooo 

Emissions  control 

Acdoo 

Reduce  VOC  emissions  from  0.4  lo  0  075  g/mile  and  NO,  emissions  from  1  to  0.2  g/milc. 

DescripdoQ 

(jliforaia  low  emission  vehicle  standards.  Action  imlpemented  begiiming  new  1996  new  vehicle  year 
Costs  based  on  (Sypber  Mueller  1992b)  Total  annualized  capital  cost  is  the  summation  of  the  discounted 
net  present  value  of  die  capital  cost  multiplier  per  new  fleet  vehicle  beginning  in  1996  to  2005.  Capital 
costs  are  discounted  at  6%.  Net  present  value  is  calculated  at  3%.  Total  annual  operaong  costs  are  the 
net  present  value  of  the  operating  cost  per  new  vehicle  from  1996  to  2005 

References 

Sypher  MueUer  1992a;  OH  1992;  MTO  1988;  Environment  Canada  1992b 

UDqiuodfied  cost(sVbeDefit(s) 

Fuel  use  up  or  down,  operations  and  maintenance  costs,  particulate,  carbon  monoxide,  sulphur  dioxide 
and  carbon  dioxide  emissions. 

Number  of  sources  (2005) 

99  600 

vehicles  (MTO  1988) 

Number  of  source  affected  (2005) 

94  471 

new  fleet  vehicles  (MTO  1988) 

1985  emissions  NO, 

770 

tonnes  (OEl  1992) 

1985  emissions  VOd 

221 

tonnes  (OEl  1992) 

Potential  reduction  in  NO, 

80* 

new  vehicle  (Sypher 
Mueller  1992a) 

62* 

total  vehicle  fleet 

(2005) 

Potential  reducnoo  io  VOCs 

81% 

new  vehicle  (Sypher 
Mueller  1992a) 

33* 

total  vehicle  fleet 

(2005) 

20O5  emissions  NO, 

974 

tonnes  (OEl  1992;  MTO  1988;  Environment  Canada  1992b) 

2005  emissions  VOCs 

348 

tonnes  (OEl  1992;  MTO  1988;  Environment  Canada  1992b) 

Rcductioo  in  NO,  (2005) 

647 

tonnes 

Reduction  in  VOCJ  (2005) 

121 

tonnes 

Lifetime  of  action 

5 

years 

Capital  cost  multiplier 

$1  140 

(1990$Vvehicle  (Sypher  MueUer  1992a) 

Capital  cost  exponent 

Not  applicable 

Operating  cost  mulbplier 

($28) 

(1990$Vvehicle/a  Includes  increased  operating  costs  and  maintenance  savings 
(Sypher  Mueller  1992a) 

OperaiiDg  cost  expooeni 

Not  applicable 

Quantified  benefil  multiplier 

Included  in  operating  cost  mulnplier 

(Quantified  benefit  intenxpi 

Not  applicable 

Discount  rate 

6% 

Private 

3% 

Social 

Total  DSt  cost  of  action  (199(K) 

Annualized  capital 
cosu  (S/a) 

Annualized  operating 
costs  (Va) 

Benefits  (Va) 

Total  annual  net  cost 

(Va) 

$22  324  068 

($2  309  683) 

Not  available 

$20  014  385 

HicklinG 
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LDDV4 

Sources  affected 

Mobile  source  SC  002  -  new  light  duty  dieael  vehicles 

Type  of  acQoo 

Emissions  control 

AcbOD 

Reduce  VCX:  emissions  from  0.4  to  0.04  g/mile  and  NO,  etmssions  6om  1  to  0.2  g/mile. 

DescripcioQ 

California  ultra  low  emission  vehicle  standards  Acoon  implemented  beginning  in  1996  tiew  vehicle 
year  Costs  based  on  (Sypher  Mueller  1992b)  Tocal  annualized  capital  cost  is  the  summation  of  the 
discounted  net  present  value  of  the  capital  cost  mulnplier  per  new  fleet  vehicle  beginning  in  1996  to 
2005.  Capital  costs  are  discounted  at  6%.  Net  present  value  is  calculated  at  3%.  Total  aimual  opcratmg 
costs  are  the  net  present  value  of  the  operating  cost  per  new  vehicle  from  1996  to  2005 

References 

Syphei  MueUer  1992a;  OEl  1992;  MTO  1988;  EnviioomenI  Canada  1992b. 

Uoqiuntified  cost(tVbenefit(s) 

Fuel  use  up  or  down,  operaaoos  and  mamtenance  cosu.  patticulaie.  carbon  monoxide,  sulphur  dioxide 
and  carbon  dioxide  etmssions 

Number  of  sources  (2005) 

99  600 

vehicles  (MTO  1988) 

Number  of  source  iffected  (2005) 

94  471 

new  fleet  vehicles  (MTO  1988) 

1985  emissions  NO, 

770 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

221 

tonnes  (OEl  1992) 

Potennal  mJucooo  m  NO, 

80* 

new  vehicle  (Sypher 
Mueller  1992a) 

62* 

total  vehicle  fleet 
(2005) 

Potendal  rcducooD  m  VOCs 

90* 

new  vehicle  (Sypher 
Mueller  1992a) 

37* 

tocal  vehicle  fleet 

(2005) 

2005  emissicos  NO, 

974 

tonnes  (OEl  1992;  MTO  1988;  Envntmment  Canada  1992b) 

2005  etmssions  VOCs 

348 

tonnes  (OEl  1992;  MTO  1988.  Environment  Cjuiada  1992b) 

Reduction  in  NO,  (2005) 

647 

tonnes 

Reduction  m  VOO  (2005) 

135 

tonnes 

Lifeame  of  action 

5 

years 

Capital  cost  muloplier 

$1  805 

(1990$)A*hiclc  (Sypher  Mueller  1992a) 

Capital  cost  expooeni 

Not  applicable 

Opennn;  cost  multiplier 

(r74) 

( 1990S )A'ehicle/a  Includes  increased  operatmg  costs  and  iiuintenance 
savings  (Sypher  Mueller  1992a) 

Opennnt  cost  expcoeni 

Not  applicable 

(Quantified  bencfii  multiplier 

Included  in  openung  cost  multiplier 

(^laotified  benefit  intercept 

Not  applicable 

Discount  rate 

6« 

Private 

3» 

Sooal 

Total  net  cost  of  action  (1990S) 

Annualized  capital 
costs  (S/il 

Annualized  opcranng 
costs  (S/a) 

Benefits  (S/a) 

Total  annual  net  cost 

(Va) 

$35  346  442 

(S6  104  162) 

Not  available 

520  242  280 

HICKLING 
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NO,  and  VOC  Ktion  nunnun  infomution  sheet 

LDGTl 

Sources  affected 

Mobile  source  SC  005  -  new  light  duty  gasoline  trucks 

Type  of  action 

Emissions  control 

Actioi 

Reduce  VOC  emissions  bom  0.8  to  0.28  g/mile  and  NO,  emissions  from  1 .7  to  0.7  g/mile. 

Descripdoa 

Proposed  Canadian  exhaust  eimssions  standards  Action  implemented  beginning  in  1996  new  vehicle 
year.  Costs  based  on  (Sypher  Mueller  1992b).  Total  annualized  capital  cost  is  the  summation  of  the 
discounted  net  present  value  of  the  capital  cost  multiplier  per  new  fleet  vehicle  beginning  in  1996  to 
2005.  Capital  costs  are  discounted  at  6%.  Net  present  value  is  calculated  at  3%.  Total  annual  operabng 
costs  are  die  net  present  value  of  the  operating  cost  per  new  vehicle  from  1996  to  2005 

References 

Sypher  Mueller  1992a:  OH  1992;  MTO  1988;  Environment  Canada  1992b. 

Uoquaotified  cost(sVbeiiefit(s) 

Fuel  use  up  or  dowo,  operatiotis  and  maintenance  costs,  particulate,  carbon  monoxide,  sulphur  dioxide 
and  carbon  dioxide  emissioos. 

Number  of  sources  (2005) 

1  617  600 

vehicles  (MTO  1988) 

Number  of  source  affected  (2005) 

1  148  235 

new  fleet  vehicles  (MTO  1988) 

1985  emissions  NO, 

10  768 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

17  633 

tonnes  (OEI  1992) 

Potential  leduction  in  NO, 

59* 

new  vehicle  (Sypher 
Mueller  1992a) 

50* 

total  vehicle  fleet 
(2005) 

Poteniial  fcductioo  in  VOCs 

65* 

new  vehicle  (Sypher 
Mueller  1992a) 

36* 

total  vehicle  fleet 

(2005) 

2005  emissions  NO, 

8068 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

2005  emissions  VOCs 

14  701 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

4  011 

tonnes 

Reducooo  in  VOCs  (2005) 

5260 

tonnes 

LiictiiDC  of  action 

5 

years 

Capital  cost  multiplier 

$721 

(1990$)A'ehicle  (Sypher  Mueller  1992a)                                                               | 

Capital  cost  exponent 

Not  applicable 

Operatiiig  cost  multiplier 

($25) 

(1990$)/vehicle/a  Includes  increased  operatmg  costs  and  maintenance 
savings  (Sypher  Mueller  1992a) 

Operating  cost  exponent 

Not  applicable 

(}uantiiied  benefit  mulnplier 

Included  in  operaang  cost  mulnplier 

C^tiantified  benefit  intercept 

Not  applicable 

Discount  rate 

6* 

Pnvate 

3* 

Soaal 

Total  net  cost  of  action  (1990S) 

Annualized  capital 
costs  (Va) 

Annualized  operating 
costs  (Va) 

Benefits  ($/a) 

Total  annual  net  cost 

(Va) 

$171  164  341 

($25  000  224) 

Not  available 

$146  164  117 

HicklinG 
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NO,  »ad  VOC  action  imnmary  infomutioo  ibcct                                                                           | 

LDCTl 

Sources  affected 

Mobile  source  SC  005  -  new  light  duty  gasoline  tracks 

Type  of  action 

Emissions  control 

Actioo 

Reduce  VOC  emissions  from  0.8  to  0.143  g/mile  and  NO,  emissions  from  1.7  to  0.55  g/mile 

DcscripbOD 

California  transitional  low  emissioo  vehicle  standards  Action  implemented  beginning  in  1996  new  vehicle 
year  Costs  based  on  (Sypber  Mueller  1992b)  Total  annualized  capital  cost  is  the  summation  of  the 
discounted  net  present  value  of  die  capital  cost  multiplier  per  new  fleet  vehicle  beginning  in  19%  to  2005. 
Capital  costs  arc  discounted  at  6%  Net  present  value  is  calculated  at  3*  Total  annual  operating  costs  are 
the  net  present  value  of  the  operating  cost  per  new  vehicle  from  19%  to  2005 

References 

Sypher  MueUer  1992a;  OEI  1992;  MTO  1988:  Environment  Canada  1992b 

Unquanlified  costtsVbeoefiKs) 

Fuel  use  up  or  down,  operaooos  and  mamienance  costs,  paiticulale.  carbon  moooxide.  sulphur  dioxide  and 
carbon  dioxide  cmissiotis. 

Number  of  sources  (2005) 

99  600 

vehicles  (MTO  1988) 

Number  of  source  affected  (2005) 

94  471 

new  fleet  vehicles  (MTO  1988) 

1985  emissions  NO, 

770 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

221 

tonnes  (OEI  1992) 

Poienoal  reducQoo  in  NO, 

68* 

new  vehicle  (Sypher 
Mueller  1992a) 

57* 

local  vehicle  fleet  (2005) 

Potential  teducnoo  m  VOCs 

82* 

new  vehicle  (Sypfaer 
Mueller  1992a) 

45» 

total  vehicle  fleet  (2005) 

2005  emissions  NO, 

8068 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

2005  emissions  VOCs 

14  701 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

4  613 

tonnes 

Reducooo  in  VOO  (2005) 

6  636 

tonnes 

Lifetime  of  action 

5 

years 

Capital  cost  multiplier 

Jl  070 

(1990$)A'ehicle  (Sypher  Mueller  1992a) 

Capital  cost  exponent 

Not  applicable 

Opovmg  con  muloplier 

JI7 

( 1990S Vvehicle/a  Includes  increased  operating  costs  and  maintenance  savings 
(Sypher  Mueller  1992a) 

Operating  cost  eiponeni 

Not  applicable 

(Quantified  benefit  mulnplicr 

Included  id  operating  cost  mulnplier 

Quantified  beoefii  intercept 

Not  applicable 

Discount  rate 

6* 

Private 

3» 

Social 

Total  net  cost  of  action  (1990J) 

Annualized  capital 
costs  (S/a) 

Annualized  operanng  costs 

(Val 

Benefits  (Va) 

Total  annual  net  cost 

(Va) 

$254  016  428 

$17  000  153 

Not  available 

$271  016  581 

HICIO-ING 
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NO,  and  VOC  Ktion  snranury  infomution  stmt 

LDGT3 

Sources  affected 

Mobile  source  SC  005  -  new  light  duty  gasoline  trucks 

Type  of  action 

Emissions  control 

ActioD 

Reduce  VOC  emissions  from  0.8  to  0.088  g/mile  and  NO.  emissions  from  1.7  to  0.3  g/mile. 

Descripooo 

California  low  emission  vehicle  standards.  Action  imlpemented  beginning  new  1 996  new  vehicle  year. 
Costs  based  on  (Sypher  Mueller  1992b).  Total  annualized  capital  cost  is  the  summation  of  the 
discounted  net  present  value  of  die  capital  cost  multiplier  per  new  fleet  vehicle  beginning  in  19%  to 
2005.  Capital  costs  are  discounted  at  6%  Net  present  value  is  calculated  at  3%.  Total  annual  operanng 
costs  are  the  net  present  value  of  the  operanng  cost  per  new  vehicle  from  1996  to  2005 

RefercDces 

Sypher  MueUer  1992a:  OEl  1992;  MTO  1988;  Environment  Canada  1992b 

Unquantified  cost(s)/bcDefii(s) 

Fuel  use  up  or  down,  opoanons  and  maintenance  costs,  particulate,  cartxm  monoxide,  sulphur  dioxide 
and  carbon  dioxide  emissions. 

Number  of  sources  (2005) 

99  600 

vehicles  (MTO  1988) 

Number  of  source  affected  (2005) 

94  471 

new  fleet  vehicles  (MTO  1988) 

1985  emissions  NO, 

770 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

221 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

82% 

new  vehicle  (Sypher 
MueUer  1992a) 

70% 

total  vehicle  fleet 

(2005) 

Poieolial  reduction  in  VOCs 

89* 

new  vehicle  (Sypher 
MueUer  1992a) 

49% 

total  vehicle  fleet 
(2005) 

2005  emissions  NO, 

8068 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

2005  emissions  VOCs 

14  701 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

Reductioo  in  NO,  (2005) 

5  616 

tonnes 

Reduction  m  VOCs  a005) 

7  202 

tonnes 

Lifetime  of  action 

5 

years 

Coital  cost  muloplier 

SI  190 

(l990$Vvehicle  (Sypher  Mueller  1992a) 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

$12 

(1990$)yvehicle/a  Includes  increased  operanng  costs  and  maintenance  savings 
(Sypher  MueUer  1992a) 

Operatmg  cost  exponent 

Not  applicable 

Quantified  benefit  multiplier 

Included  in  operating  cost  multiplier 

Quantified  benefit  intercept 

Not  applicable 

Disaxmt  rale 

6» 

Private 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Annualized  capital 
costs  ($/a) 

Aimualized  operatmg 
costs  ($/a) 

Benefits  (Va) 

Total  annual  net  ctist 

($/a) 

$282  504  252 

$12  000  108 

Not  available 

$294  5(M  360 

HicklinG 
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LDGT4 

Sources  affected 

Mobile  source  SC  005  -  ne»  light  dut>  gasoline  trucks 

Type  of  action 

Emissioos  control 

Actioo 

Reduce  VOC  emissions  from  0.8  to  0O45  g/mile  and  NO,  emissioos  from  17  to  0.3  g/mile 

Desciipciao 

California  ultra  low  eimssion  vehicle  standards  Actioo  implemented  begmmng  in  1996  new  vehicle  year. 
Costs  based  on  (Sypber  Mueller  1992b)  Total  annualized  capital  cost  is  tbe  summanon  of  the  discounted 
net  present  value  of  tbe  capital  cost  multiplier  per  new  fleet  vehicle  beginmng  in  1996  to  2005  Capital 
costs  are  discounted  at  6%  Net  present  value  is  calculated  al  i%.  Total  annual  operating  costs  are  the  net 
present  value  of  tbe  operatmg  cost  per  new  vehicle  from  19%  to  2005. 

References 

Sypber  MueUer  1992a;  OEI  1992;  MTO  1988;  Enviroomeni  Canada  1992b 

Uoquaoiified  ct»t(sVbeoefiKs) 

Fuel  use  up  or  down,  opeiatioos  and  maintenance  costs,  particulate,  carbon  inonoude.  sulphur  dioxide  and 
carlxn  dioxide  emissions. 

Number  of  sources  (2005) 

99  600 

vehicles  (MTO  1988) 

Number  of  source  affected  (2005) 

94  471 

new  fleet  vehicles  (MTO  1988) 

1985  emissioos  NO, 

770 

tonnes  (OH  1992) 

1985  emissions  VOCs 

221 

tonnes  (Oe  1992) 

Potential  reduction  in  NO, 

82* 

new  vehicle  (Sypber 
Mueller  1992a) 

70» 

total  vehicle  fleet  (2005) 

Potential  reduction  in  VOCs 

94* 

new  vehicle  (Sypber 
Mueller  1992a) 

52* 

total  vehicle  fleet  (2005) 

2005  emissions  NO, 

8068 

toones  (Om  1992;  KTTO  1988:  Eovirooment  Canada  1992b) 

2005  emissioos  VOCs 

14  701 

tonnes  (OEI  1992;  MTO  1988;  EnvironmenI  Canada  1992b) 

Reduction  in  NO,  (2005) 

5  616 

toones 

Reduction  m  VOCs  (2005) 

7606 

toones 

Lifetime  of  action 

5 

years 

Capital  cost  muloplier 

$1440 

(1990$Vvehicle  (Sypber  Mueller  1992a) 

Capital  cost  expooeni 

Not  applicable 

Operatmg  cost  mulnplier 

SI5 

(1990SVvefaiclc/a  Includes  increased  operatmg  costs  and  maintenance  savings 
(Sypber  Mueller  1992a) 

Operating  cost  expooeni 

Not  applicable 

(Quantified  benefit  mulnplier 

Included  in  operanng  cost  multiplier 

(Quantified  benefit  intereept 

Not  applicable 

Discount  nic 

6% 

Pnvaie 

.1* 

Soaal 

Tool  net  cost  of  action  (1990$) 

Annualized  capital 
costs  (S/a) 

Annualized  operanng 
costs  (S/al 

Benefits  ($/a) 

Total  annual  net  cost 

(Va) 

SMI  853  885 

$15  000  135 

Not  available 

$356  854  020 

HICKCTNG 
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NO,  and  VOC  action  nunnury  infonxution  sheet 

LDGVl 

Sources  affected 

Mobile  sources  SC  001  -  new  light  duty  gasoline  vehicles 

Type  of  aclioD 

Emissions  control 

Action 

Reduce  VOC  emissions  frota  0.4  to  0.25  g/mile  and  NO,  emissions  from  1  to  0.4  g/mile 

IJesciipdon 

Proposed  Canadian  exhaust  emissions  standards.  Action  implemented  beginmng  in  1996  new  vehicle 
year.  Costs  based  on  (Sypher  Mueller  1992b).' Total  annualized  capital  cost  is  the  summation  of  the 
discounted  net  present  value  of  the  capital  cost  muldpher  per  new  fleet  vehicle  beginning  in  1996  to 
2005.  Capital  costs  are  discounted  at  6%.  Net  present  value  is  calculated  at  3%.  Total  annual  operating 
costs  are  the  net  present  value  of  the  operating  cost  per  new  vehicle  from  1996  to  2005. 

References 

Sypher  MueUer  1992a;  OEl  1992;  MTO  1988;  Environment  Canada  1992b 

Uoqiuntified  cost(s)/beDefit<s) 

Fuel  use  up  or  down,  opeiaboos  and  maintenance  costs,  carbon  monoxide  and  carbon  dioxide 

Number  of  sources  (2005) 

6  386  000 

vehicles  (MTO  1988) 

Number  of  source  affected  (2005) 

6  298  266 

new  fleet  vehicles  (MTO  1988) 

1985  emiuions  NO, 

85  065 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

102  417 

tonnes  (OEI  1992) 

Potenlial  reduction  in  NO, 

60% 

new  vehicle  (Sypher 
Mueller  1992a) 

47% 

total  vehicle  fleet 
(2005) 

Poientia]  reductioD  in  VOCs 

38% 

new  vehicle  (Sypher 
Mueller  1992a) 

15% 

total  vehicle  fleet 
(2005) 

2005  emissions  NO, 

34  248 

tonnes  (OEI  1992;  MTO  1988;  Environment  C^ada  1992b) 

2005  emissions  VOCs 

65  733 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

17  119 

tonnes 

Reduction  in  VOCs  (2005) 

11  187 

tonnes 

Lilelime  of  action 

5 

years 

Capital  cost  multiplier 

$53 

(1990$)A'ehicle  (Sypher  Mueller  1992a) 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

($17) 

(1990$)/vehicle/a  Includes  increased  operating  costs  and  maintenance 
savings  (Sypher  Mueller  1992a) 

Operating  cost  exponent 

Not  applicable 

(Juantified  benefit  multiplier 

Included  in  operatmg  cost  multiplier 

Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6% 

Pnvate 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Annualized  capital 
costs  (Va) 

Annualized  operating 
costs  ($/a) 

Benefits. (I/a) 

Total  annual  net  cost 

($/a) 

$69  193  243 

($93  489  451) 

Not  available 

($24  296  208) 

HicklinG 
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NO,  and  VOC  Ktioo  nunmiry  inromutioa  (heel 

LDGV2 

Sources  affecttd 

Mobile  sources  SC  001  -  new  light  duty  gasolme  vehicles 

Type  of  «cnoc 

Emissions  control 

AcdOD 

Reduce  VCX:  emissions  from  04  to  0  125  g/mile  and  NO,  eimssioos  from  1  to  0  4  g/mile. 

Dcschpdco 

Califonua  transitional  low  emission  vehicle  standards  Action  implemented  beginmng  in  1996  new 
vehicle  year  Costs  based  oo  (Sypher  Mueller  1992b)  Total  annualized  capital  cost  is  the  summabon  of 
the  discounted  net  present  value  of  the  capital  cost  multiplier  per  new  fleet  vehicle  begmnmg  m  1996  to 
2005.  Capital  costs  are  discounted  at  6»  Net  present  value  is  calculated  at  3»  Total  annual  operating 
costs  are  the  net  present  value  of  (he  operating  cost  per  new  vehicle  from  1996  to  2005. 

References 

Sypber  MueUer  1992a,  OH  1992;  MTO  1988;  Environment  Canada  1992b 

Unquantilied  costfsVbeoefiris) 

Fuel  use  up  or  down,  operations  and  mamtenance  costs,  carbon  monoxide  and  carbon  dioxide  eimssions. 

Number  of  sources  (2005) 

6  386  000 

vehicles  (MTO  1988) 

Number  of  source  iffected  (2005) 

6298  266 

new  fleet  vehicles  (MTO  1988) 

1985  emuaoDS  NO, 

85  065 

tonnes  (OEl  1992) 

1985  emissioos  VOCs 

102  417 

tonnes  (OEl  1992) 

Pottntial  reductioo  is  NO, 

60* 

new  vehicle  (Sypher 
Mueller  1992a) 

47* 

total  vehicle  fleet 

aoo5) 

Poceotul  reductioo  in  VOCs 

69* 

new  vehicle  (Sypher 
Mueller  1992a) 

29» 

total  vehicle  fleet 

aoo5) 

2005  emuiions  NO, 

34  248 

tonnes  (OEl  1992:  MTO  1988;  EnvironmenI  Canada  1992b) 

2005  emissions  VOC^s 

65  733 

tonnes  (OEJ  1992;  MTO  1988;  Environment  (jnada  1992b) 

Reducooo  in  NO,  0005) 

17  119 

tonnes 

Rtducnoo  in  VOCs  a005) 

20  310 

tonnes 

Uii:timc  of  action 

5 

years 

Capiial  cost  multiplier 

$572 

(1990$Vvehicle  (Sypber  MueUer  1992a) 

Capita]  cost  expooent 

Not  applicable 

Operating  cost  multiplier 

S14 

(1990$)/vehicle/a  Includes  increased  operanng  costs  and  maintenance  savugs 
(Sypher  Mueller  1992a) 

Opeiaong  cost  expooeni 

Not  applicable 

(Quantified  benefii  multiplier 

Included  io  operatmg  cost  multiplier 

(Quantified  benefit  iniercep* 

Not  applicable 

Discount  rate 

6* 

Pnvatc 

3» 

Soaal 

Total  net  cost  of  action  (1990S) 

Annuahzed  capital 
coso  (Va) 

Annualized  operanng 
costs  (S/a) 

Benefits  ($/a) 

Total  annual  net  cost 
(Va) 

$746  764  810 

$76  991  312 

Not  available 

$823  756  122 
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NO,  and  VOC  actioa  sumnury  infomuuion  sheet 

LDGV3 

Sources  affected 

Mobile  sources  SC  001  -  new  light  duty  gasoline  vehicles 

Type  of  action 

Emissions  control 

Actioo 

Reduce  VOC  emissions  from  0  4  to  0.075  g/mile  and  NO,  emissions  from  1  to  0.2  g/milc. 

DescnpQoo 

California  low  emission  vehicle  standards.  Action  imlpemented  beginning  new  19%  new  vehicle  year. 
Costs  based  on  (Sypher  Mueller  1992b).  Total  annualized  capital  cost  is  the  summation  of  the 
discounted  net  present  value  of  the  capital  cost  multiplier  per  new  fleet  vehicle  begiiming  in  1996  to 
2005.  Coital  costs  are  discounted  at  6*.  Net  present  value  is  calculated  at  3%  Total  annual  operanng 
costs  are  the  net  ptcseni  value  of  the  operatmg  cost  per  new  vehicle  from  1996  to  2005 

Refeicuces 

Sypher  MueUer  1992a;  OEI  1992:  MTO  1988;  Environment  Canada  1992b 

UoquaDtified  cost(sVbetiefit(s) 

Fuel  use  up  or  down,  operations  and  mamlenance  costs,  carbon  monoxide  and  carbon  dioxide 
emissions. 

Number  of  sources  (2005) 

6  386  000 

vehicles  (MTO  1988) 

Number  of  source  affected  (2005) 

6  298  266 

new  fleet  vehicles  (MTO  1988) 

1985  emissions  NO, 

85  065 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

102  417 

tonnes  (OEI  1992) 

Potential  reduction  m  NO, 

80* 

new  vehicle  (Sypher 
Mueller  1992a) 

62% 

total  vehicle  fleet 
(2005) 

Potential  reduction  in  VOCs 

81* 

new  vehicle  (Sypher 
Mueller  1992a) 

34* 

total  vehicle  fl«t 
(2005) 

2005  emissions  NO, 

34  248 

tonnes  (OEI  1992;  MTO  1988;  EnvironmenI  Canada  1992b) 

2005  emissions  VOCs 

65  733 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduciioa  in  NO,  (2005) 

22  826 

tonnes 

Reduction  in  VOCs  (2005) 

23  840 

tonnes 

Lifetime  of  action 

5 

years 

Capital  cost  multiplier 

J667 

{1990$)A'ehicle  (Sypher  Mueller  1992a) 

Capital  cost  exponent 

Not  applicable 

Operating  OKt  multiplier 

Si 

(l990$Vvehicle/a  Includes  increased  operating  costs  and  maintenance 
savings  (Sypher  Mueller  1992a) 

Operating  cost  exponent 

Not  applicable 

(Quantified  benefit  multiplier 

Included  in  operating  cost  multiplier 

(Quantified  benefit  micrccpi 

Not  applicable 

Discount  rate 

6* 

Pnvatc 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Annualized  capital 
costs  (S/a) 

Annualized  operating 
costs  ($/a) 

Benefits  ($/a) 

Total  annual  net  cost 
(Va) 

$870  790  435 

$43  995  036 

Not  available 

$914  785  471 

HicklinG 
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NO,  uid  VOC  action  sumnury  information  tfacct 

LDGV4 

Sources  affected 

Mobile  sources  SC  001  -  new  light  duty  gasoline  vehicles 

Type  of  actjoo 

Emissions  control 

Action 

Reduce  V(X  emissions  from  0.4  to  0.04  g/mile  and  NO,  emissions  from  1  Io  0.2  g/mile. 

Description 

C^alifomia  ultra  low  emission  vehicle  standards.  Action  implemented  beginning  in  1996  new  vehicle  year. 
Costs  based  on  (Sypher  Mueller  1992b).  Total  annualized  capital  cost  is  die  summation  of  the  discounted 
net  present  value  of  die  capital  cost  multiplier  per  new  fleet  vehicle  beginning  in  1996  to  2005.  C^tal 
costs  are  discounted  at  6%.  Net  present  value  is  calculated  at  3%.  Total  annual  operadng  costs  are  die  net 
pieseni  value  of  the  operating  cost  per  new  vehicle  from  1996  to  2005. 

References 

Sypher  MueUer  1992a:  OEI  1992.  MTO  1988;  Environment  Canada  1992b. 

Unquantified  cost(s)/beoefit(s) 

Fuel  use  up  or  down,  operanons  and  maintenance  cosu,  carbon  monoxide  and  carbon  dioxide  emissions. 

Number  of  sources  (200S) 

6  386  000 

vehicles  (MTO  1988) 

Number  of  source  affected  (2005) 

6  298  266 

new  fleet  vehicles  (MTO  1988) 

1985  emissions  NO, 

85  065 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

102  417 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

80* 

new  vehicle  (Sypher 
Mueller  1992a) 

62% 

total  vehicle  fleet  (2005) 

Potential  reduction  io  VOCs 

90% 

new  vehicle  (Sypher 
Mueller  1992a) 

38% 

total  vehicle  fleet  (2005) 

2005  emissions  NO, 

34  248 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

2005  emissions  VOCs 

65  733 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

22  826 

tonnes 

Reduction  in  VOCs  (2005) 

26  629 

tonnes 

Lifetime  of  action 

5 

years 

Capital  cost  multiplier 

$938 

(l990$)A'ebicle  (Sypher  Mueller  1992a) 

Capital  cost  exponeni 

Not  applicable 

Operating  cost  multiplier 

$9 

(1990$)/vehicle/a  Includes  increased  operating  costs  and  maintenance  savings 
(Sypber  Mueller  1992a) 

Operating  cost  exponent 

Not  applicable 

(Quantified  benefii  multiplier 

Included  in  operabng  cost  muldplier 

Quantified  benefii  inleroepi 

No!  applicable 

Discount  rate 

6% 

Private 

3* 

Social 

Total  net  cost  of  action  (1990J) 

Annualized  capital 
costs  (Va) 

Annualized  operating  costs 

(Va) 

Benefits  (Va) 

Total  annual  net  cost 
(Va) 

$1  224  589  847 

$49  494  415 

Noi  available 

$1  274  084  262 
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NO,  and  VOC  action  sumnury  infomutioo  sheet 

MCI 

Sources  affected 

Mobile  source  SC  013  -  new  motorcycles  (50  -  699cc) 

Type  of  action 

Exhaust  emissions  controls 

Action 

Reduce  V(X  emissions  from  motorcycles  to  1  6  g/km 

Description 

Implmemented  begining  with  the  1996  n«w  vehicle  fleet  Emissions  reduction  achieved  through  the 
use  of  the  following  control  options:  leaner  air/ftiel  ratio 

idle  imxnne  Umiter.  air  injection  system:  modified  valve  and  ignition  timing:  change  of  engine  from 
two  to  four  stroke;  three-way  catalytic  convenor,  and  evaporative  emissions  caimister.  Costs  based 
on  motorcycles  (Sypher  Mueller  1992b).  Total  annualized  capital  cost  is  the  summation  of  die 
discounted  net  present  value  of  the  capital  cost  multiplier  per  new  fleet  vehicle  beginning  in  1996  to 
2005.  Capital  costs  are  discounted  al  6%.  Net  present  value  is  calculated  at  3*  Total  annual 
operating  costs  are  die  net  present  value  of  the  operalmg  cost  per  new  vehicle  from  1996  to  2005 

References 

Sypher  MueUer  1992b  OEl  1992;  MTO  1988;  Envinjnmeni  Canada  1992b 

Unquanrified  cost(s)/benefits(s) 

Reduction  in  carbon  monoxide 

Number  of  sources  (2005) 

140  000 

vehicles  (MTO  1988) 

Number  of  sources  affected  (2005) 

103  701 

New  vehicle  fleet  (1996-2005)  (MTO  1988) 

1985  emissions  NO, 

185 

tonnes  (OEl  1992) 

1985  emissions  VOCs 

1095 

tonnes  (OEl  1992) 

Potential  reduction  in  NO, 

0% 

per  new  vehicle  (Sypher 
Mueller  1992) 

0* 

Total  vehicle  fleet 
(2005) 

Potential  reduction  in  VOCs 

48% 

per  Dew  vehicle  (Sypher 
Mueller  1992) 

16* 

Total  vehicle  fleet 
(2005) 

2005  emissions  NO. 

189 

tonnes  (OEl  1992;  MTO  1988;  Environment  Canada  1992b) 

2005  emissions  VOCs 

694 

tonnes  (OEl  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

111 

loooes 

Lifetime  of  action 

5 

years 

Capital  cost  multiplier 

$50 

(1990$Vvehicle  (Sypher  Mueller  1992b) 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

$0 

(1990$)A'ehicle/a 

Operating  cost  exponent 

Not  applicable 

(Quantified  benefii  multiplier 

Included  in  operating  cost  multiplier 

(Quantified  benefii  intercept 

Not  applicable 

Discount  rate 

6% 

Private 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Annualized  capital 

(Va) 

Operating  costs($/a) 

Benefits  (Va) 

Total  annual  net  cost 

(Va) 

$1  081  775 

$0 

Not  available 

$1  081  775 

HicklinG 
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PAINTSI 

Sources  affected 

Point  source  SIC  375  (paints  and  coatings) 

Type  of  acdoo 

Add  on  control 

Action 

Afterburners 

Description 

Combust  VCXT  emissions  in  the  paint  and  varnish  manufacturing  industry  using  an  afterburner.  No  cost 
savings  arc  associated  with  this  action  Total  capital,  operating  and  annual  net  costs  are  the  summation 
from  estimates  for  43  point  sources. 

References 

Pechan  1992;  OH  1992;  Informetrica  1992 

Unquantified  cost(s)/beDefit(s) 

Secondary  emissions  of  oxides  of  ninogen  and  of  carbon  from  incineration.  Increased  liquid/solid 
wastes 

Number  of  sources 

43 

1985  emissions  NO, 

99 

tonnes  (OEI  1992) 

1985  emissions  VCX^s 

505 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

0% 

Potential  reduction  in  VOCs 

35* 

(Pechan  S  Associates  1992) 

2005  emissions  NO, 

118 

tonnes  (OEI  1992;  Informetrica  1992) 

2005  emissions  VOCs 

603 

tonnes  (OEI  1992;  Informcnica  1992) 

Reduction  m  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

211 

tonnes 

Lifetime  of  action 

20 

years 

(Tlapital  cost  multiplier 

$9  808 

(l990S)/t  uncontrolled 
emissions 

S7  597 

(1988  US)S/long  ton 
uncontrolled  emissions 
(Pechan  1992) 

Capital  cost  exponent 

0.6 

Operating  cost  multiplier 

S2  088 

(l990$)/t  uncontroUed 
emissions/a 

$1  617 

(1988  US)S/loag  ton 
uncontrolled  emis-sions/a 
(Pechan  1992) 

Operating  cost  exponent 

06 

(Juantified  benefit  multiplier 

$0 

(1990S)A  unconlroUed 
emissioos/a 

SO 

(1988  US)S/loog  ton 
uncontroUed  emis-sions/a 
(Pechan  1992) 

(Quantified  benefil  intercept 

$0 

Discount  rate 

6* 

Pnvate  (assume  capital  costs  paid  by  pnvate  sector) 

3* 

Social 

Total  net  cost  of  action  (1990S) 

Capital  ($) 

Operaang  cosls(S/a) 

Benefits  (S/a) 

Annual  net  cost  (S/a) 

SI  283  640 

S273  219 

SO 

S385  133 

HicklinG 
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NO,  ukI  VOC  action  snmnury  information  sheet 

PAINTS2 

Sourees  affected 

Point  source  SIC  323  (motor  vehicle  industry);  SCT  "COAT" 

Type  of  action 

Add  on  control 

Action 

Incineration  of  vapours  in  auto  surface  coating  industry. 

Descripdoo 

Destroy  VOC  emissions  in  the  auto  surface  coadng  industry  using  incinerators. 

No  cost  savings  associated  with  this  action.  Total  capital,  operating  and  annual  net  costs  are  the 

summation  from  estimates  for  6  point  sources. 

References 

Pechan  1992;  OH  1992;  Informetiica  1992 

Uoquandfied  cost(s)/benefit(s) 

Secondary  emissions  of  oxides  of  nitrogen  and  of  carbon  fi^om  incineration.  Increased  liquid/solid 
wastes. 

Number  of  sources 

6 

1985  emissions  NO, 

1  788 

tonnes  (OH  1992) 

1985  emissions  VOCs 

3316 

tonnes  (OH  1992) 

Potential  reduction  in  NO, 

0% 

Potential  reduction  in  VOCs 

88% 

(Pechan  1992) 

2005  emissions  NO, 

1  983 

tonnes  (OH  1992;  Informemca  1992) 

2005  emissions  VOCs 

3  678 

tonnes  (OH  1992;  Infonneoica  1992) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

3  237 

tonnes 

Lifistime  of  action 

20 

years 

Capital  cost  multiplier 

$10  927 

(1990$)/t  uncoolroUed 
emissions 

$8  464 

(1988  US)$noog  ton 
uncontrolled  emissions 
(Pechan  1992) 

Capital  cost  exponent 

0.953 

Operating  cost  multiplier 

$2  953 

(1990$)/!  uncootroUed 
emissions/a 

$2  287 

(1988  US)$/long  ton 
uncontrolled  eims-sions/a 
(Pechan  1992) 

Operating  cost  exponent 

1  102 

(Quantified  benefit  mulaplier 

$0 

(I990$)A  uncontroUed 
emissioos/a 

$0 

(1988  US)$/long  ton 
uncontrolled  emis-sions/a 
(Pechan  1992) 

(Juantified  benefit  intercept 

$0 

Discount  rate 

6* 

Private  (assume  capital  costs  paid  by  private  sector) 

3* 

Social 

Tool  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs($/a) 

Benefits  (Va) 

Annual  net  cost  ($/a) 

$46  781  719 

$7  273  568 

$0 

$11  352  212 

HicklinG 
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NO,  mnd  VOC  actjoo  nunnur)'  infonnatioa  sbccl 

PAINTS2&5* 

Sources  affected 

Poini  source  SIC  323  (motor  vehicle  industry);  SCC  'COAT 

Type  of  actioa 

Add  on  control/Process  modificanoo 

ACQOO 

Incineration  of  vapours  and  increase  spray  transfer  efficiency 

DescripdoD 

Destroy  VCXT  emissions  in  tbe  auto  surface  coaling  industry  using  incinerators  and  increase  spray 
transfer  efficiency  of  paint  application.  No  cost  associated  with  increasing  spiay  transfer  efficiency. 
Total  capital,  operanng  and  annual  net  costs  are  die  summation  of  costs  for  6  point  sources  for 
PAINTS2  and  PAINTS  5a. 

Refenoces 

Pechan  1992;  BAACJMD  1993;  OH  1992;  Infoimettica  1992. 

UnqiuDtified  cost(sVbeaefit(s) 

Secondary  emissions  of  NO,  and  C  from  indneratiOD.  Increased  liquid/solid  wastes.  Cost  savings 
expected  from  a  decrease  in  solvent  use.  hazardous  waste  disposal  costs  and  (be  extended  life  of  certain 
spray  boodi  equipment  (BAAQMD  1993). 

Number  of  sources 

6 

1985  emissions  NO. 

1  788 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

3  316 

tonnes  (OEI  1992) 

Potential  reductioa  in  NO, 

0% 

Potential  reductioo  in  VOCs 

93* 

0.88  (PAINTS2)  +  (1-0.88)  x  0.325  (PAINTS  5a)  (Pechan  $  Associates  1992; 
BAAQMD  1992) 

2005  emissions  NO, 

1  983 

tonnes  (OEI  1992;  Infonnetrica  1992) 

2005  emissions  VOCs 

3  678 

tonnes  (OEI  1992;  Infoimetnca  1992) 

Reduction  in  NO,  (2005) 

0 

rnnT^^ 

Reductioo  in  VOCs  (2005) 

3  368 

trwin^^ 

Lifetime  of  action 

20 

years 

Capital  cost  mulbplier 

$10  927 

(1990$)A  uncontroUed 
emissions 

$8  464 

(1988  L'S)$/long  ton 
uDcoDiroUed  emissions 
(Pedum  1992) 

Capital  cost  exponent 

0.953 

OperBnng  cost  multiplier 

S2  953 

(1990$)/!  uncooirolled 
emissions/a 

$2  287 

(1988  US)$/long  ton 
uncontrolled  emis-sions/a 
(Pechan  1992) 

Operating  cost  exponent 

1  102 

(Quantified  beoefii  multiplier 

$0 

(1990$)A  uncootroUed 
cnuuionsya 

$0 

(1988  US)$/long  ton 
uncootroUed  emis-sioos/a 
(Pechan  1992) 

CJuanbfied  benefii  intercept 

$0 

Discount  tale 

6* 

Private  (assumed  capital  costs  paid  by  private  sector) 

3» 

Social 

Total  i>et  cost  of  action  (1990S) 

Capital  (S) 

Operating  cosls($/a) 

Benefits  ($/a) 

Annual  net  cost  ($/a) 

$46  781  719 

$7  273  568 

$0 

$11  352  212 

HicklinG 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K-41 


NO,  uid  VOC  action  nunnury  iofomuliOD  sheet 

PAINTS3 

Sources  affected 

Area  source  SC  108  (small  industry  surface  coating) 

Type  of  action 

Add  on  control 

Action 

Incineration  of  vapours  in  surface  coating  industry. 

Description 

Destroy  V(X  emissions  in  the  small  industry  surface  coating  industry  using  incinerators  No  cost 
savings  associated  with  this  action. 

References 

Pechan  1992:  OEI  1992;  Environment  Canada  1992b. 

Unqiuntificd  cost(s)/benefit(s) 

Secondary  emissions  of  oxides  of  nitrogen  and  of  carbon  from  incineration  Increased  liquid/solid 
wastes. 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

102 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

0» 

Potential  reductioo  in  VOCs 

90* 

(Pechan  1992) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

156 

tonnes  (OEI  1992;  EnviionmenI  Canada  1992b) 

Reductioo  in  NO.  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

140 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

$41  199 

(1990$)A  unconiroUed 
eimssions 

$31  911 

(1988  US)$/long  ton 
uncontrolled  eims-sions 
(Pechan  1992) 

Capital  cost  exponent 

1 

Operating  cost  multiplier 

$2  059 

(l990$)AuncootroUed 
emissioDs/a 

$1  595 

(1988  US)$/long  ton 
uncontrolled  emis-sions/a 
(Pechan  1992) 

Operating  cost  exponent 

1 

Quantiiied  benefit  multiplier 

$0 

(I990$)rt  uncontroUed 
enussioos/a 

$0 

(1988  USlVlong  ton 
uncontrolled  emis-sions/a 
(Pechan  1992) 

Quantified  benefit  intercept 

$0 

Discount  rate 

6* 

Pnvate  (assume  capital  costs  paid  by  pnvate  sector) 

3» 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs($/a) 

Benefits  ($/a) 

Annual  net  cost  ($/a) 

$6  408  665 

$320  323 

$558  737 

HIcklinG 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBE£  SOURCES 


K-42 


NO,  and  VOC  Ktioo  snnmury  infomutioii  jh«t 

PAINTS3&5C 

Sources  affected 

Area  source  SC  108  (small  industry  surface  coating) 

Type  of  action 

Add  on  control/Process  modificanon 

Action 

Incineration  of  vapours  and  increase  spray  transfer  efficiency 

Description 

Destroy  VOC  etnissions  in  the  auto  surface  coating  industry  using  incmerators  and  increase  spray 
transfer  efficiency  of  paint  application.  No  cost  associated  with  increasing  spray  transfer  efHciency. 

References 

Pechan  1992;  BAAQMD  1993;  OQ  1992;  Environment  Canada  1992b 

Unquannfied  cosKsVbeoefitts) 

Secondary  emissions  of  NO,  and  C  from  incineration.  Increased  liquid/solid  wastes.  Cost  savings 
expected  from  a  decrease  in  solvent  use,  hazardous  waste  disposal  costs  and  the  extended  life  of  certain 
spray  booth  equipment  (BAAQMD  1993) 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEI  1992) 

1985  emissions  VOa 

102 

tonnes  (OH  1992) 

Potential  reduction  in  NO, 

0* 

Potential  reduction  in  VOCs 

93% 

0.90  (PAINTS3)  +  (1-0.90)  x  0.325  (PAINTSSc)  (Pechan  1992;  BAAQMD  1993) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

156 

tonnes  (OEI  1992;  Environment  Canada  1992b) 

Reduction  in  NO.  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

146 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  muloplier 

$41  199 

(1990$)A  uncontroUed 
emissions 

$31  911 

(1988  US)$/long  ton  un- 
controlled emissions  (Pechan 
1992) 

Capital  cost  expooeni 

1 

Openting  cost  multiplier 

$2  059 

(1990$)A  uncontroUed 
emissi  cos/a 

$1  595 

(1988  US)$/long  ton  un-        . 
controlled  emissions/a  (Pechan 
1992) 

Operating  ctjst  exponent 

1 

(Quantified  bcoefii  multiplier 

$0 

(1990$)/!  uncooODlled 
emissions/a 

$0 

(1988  US)J/long  ton  un- 
controlled emissions/a  (Pechan 
1992) 

(Quantified  benefit  intercept 

JO 

Discount  rate 

6% 

Pnvatc  (assumed  capital  costs  paid  by  private  sector) 

3» 

Social 

Total  net  con  of  acnon  (1990$) 

Capital  ($) 

Operating  costs($/a) 

Benefits  ($/a) 

Annual  net  social  cost  ($/a) 

$6  429  448 

$321  362 

$0 

$881  910 

hiCKLING 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K-43 


NO,  and  VOC  action  nmmury  infonnatioD  sheet 

PAINTS4 

Sources  affected 

Point  source  SIC  323  (motor  vehicle  industry);  SCC  "COAT" 

Type  of  action 

Process  modification 

Action 

High  solids  coating  in  auto  surface  coating  industry 

Descriptidn 

Reduce  VOC  emissions  during  the  curing  process  by  rcducmg  the  solvent  content  of  the  costing.  Some 
difficulties  associated  with  the  control  of  optimum  properties  of  high  solid  content  paints  exist.  Cost 
savings  due  to  reduction  in  paint  use.  Total  capital,  operating  and  annual  net  costs  ate  the  summation 
from  estimates  for  6  point  sources. 

References 

Pechan  1992;  OH  1992;  Informenica  1992. 

UnquantiJied  cost(s)/beoefit(s) 

Health  hazard  associated  with  some  systems  (uretfaanes) 

Number  of  sources 

6 

1985  emissions  NO, 

1  788 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

3  316 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

0% 

Potential  reduction  in  VOCs 

79% 

(Pechan  $  Associates  1992) 

2005  emissions  NO, 

1  983 

tonnes  (OEI  1992;  Informetrica  1992) 

2005  emissions  VOCs 

3  678 

tonnes  (OEI  1992;  Infoimemca  1992) 

Reduction  in  NO.  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

2  837 

tonnes 

LifietiiDe  of  action 

'20 

years 

Capital  cost  multiplier 

$5  411 

(I990$)rt  unconiroUed 
emissions 

$4  191 

(1988  US)$/loag  ton 
uncontroUed  emissions 
(Pechan  1992) 

Capital  cost  exponent 

1.124 

Operating  cost  multiplier 

$824 

(I990$)A  uncontroUed 
emissioos/a 

$638 

(1988  US)Vlong  ton 
uncontroUed  emissions/a 
(Pechan  1992) 

Operating  cost  exponent 

1.127 

(Quantified  benefit  multiplier 

$0 

(1990$ )/t  uncontroUed 
emissions/a 

$0 

(1988  US)$nong  ton 
uncontroUed  emis-sions/a 
(Pechan  1992) 

(Quantified  benefit  intercept 

$0 

Discount  rate 

6% 

Private  (assume  capital  costs  paid  by  private  sector) 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operatmg  costs($/a) 

Benefits  (Va) 

Annual  net  cost  ($/a) 

$28  741  161 

$21  872  275 

$0 

$24  378  060 

HicklinG 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K^M 


NO,  umI  VOC  actioii  nunnury  information  sbtxl 

PAINTSSa 

Sources  afTectcd 

Point  source  SIC  323  (motor  vehicle).  SCC  XOAT 

Type  of  actioo 

Proce&s  modification 

Action 

Increase  spray  transfer  efficiency 

DescripbOD 

Use  of  high  transfer  efficiency  spray  application  equipment,  including  high-volume  low-pressure  spiay 
equipment.  electjt»tatic  spray  equipment  and  detailing  guns  Actual  cost  savings  due  to  reductions  in 
the  quantity  of  coating  materials  used  probably  exist  diough  estimates  are  not  available.  Total  capital, 
operating  and  aimual  net  costs  are  the  summation  from  estimates  for  6  point  sources  Actual  cost  saving 
is  expected  (BAAQMD  1993).  A  conservative  cost  saving  of  SO/t  emissions  reduced  is  assumrd. 
although  saving  is  likely  larger. 

References 

BAAQMD  1993:  OEI  1992;  Informenica  1992 

Unquutified  cosKsVbenefiKs) 

Cost  savings  expected  from  a  decrease  in  solvent  use,  hazardous  wa^te  disposal  costs  and  the  extended 
life  of  certain  equipooent  components  such  as  filters  and  wall/floor  paper  to  collea  ovcr^piay 
(BAAQMD  1993) 

Nmnber  of  sources 

6 

1 

1985  emissions  NO, 

1  788 

tonnes  (OH  1992) 

1985  emissions  VOCs 

3  316 

tonnes  (OH  1992) 

Potential  reducnon  in  NO, 

0* 

Pocential  reduction  in  VOCs 

33* 

(BAAQMD  1993) 

2005  emissions  NO, 

1  983 

tonnes  (OEI  1992;  Informenica  1992) 

2005  emissions  VOCs 

3  678 

tonnes  (OEI  1992;  Informetnca  1992) 

Reducnon  in  NO.  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

1  182 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  opcianng  cost  rouloplier 

Capital  cost  eipooent 

Not  applicable 

Operating  cosi  multiplier 

SO 

(I990$)A  emissions  leduced/a  (BAAQMD  1993) 

Operating  cost  exponent 

1 

Quantified  benefit  multiplier 

Included  in  operating  cost  multiplier 

Quantified  benefit  intercept 

Included  in  operating  cost  multiplier 

Discount  rale 

6» 

Pnvate 

3* 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs(Va) 

Benefits  (Va) 

Annual  net  cost  (Va) 

Not  available 

Not  available 

Not  available 

$0 

HlCKLING 


APPENDIX  K:  ACnON  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K^5 


NO,  and  VOC  actioo  nminunr  infomuCioD  sbcct 

PAlNTSSb 

Sounxs  aifected 

Area  source  SC  106  (architecniral  coatings) 

Type  of  action 

Process  modification 

Action 

Increase  spray  transfer  efficiency. 

DescnpdoD 

Use  of  high  transfer  efficiency  spray  application  equipment,  including  high-volume  low-pressure  spray 
equipment,  electrostatic  spray  equipment  and  detailing  guns.  Acmal  cost  savmgs  due  to  reductions  in 
the  quannty  of  coating  materials  used  probably  exist,  though  estimates  are  not  available.  Actual  cost 
savmg  is  expected  (BAAQMD  1993).  A  conservative  cost  saving  of  $0/1  emissions  reduced  is  assumed, 
although  savmg  is  likely  larger 

Refiamces 

BAAQMD  1993;  OEl  1992;  Environment  Canada  1992b. 

Unquandiied  cost(sVbenefit(s) 

Cost  savmgs  expected  fiom  a  decrease  in  solvent  use,  hazardous  waste  disposal  costs  and  the  extended 
life  of  certain  spray  booth  components  such  as  filters  and  wall/floor  paper  to  collect  oversp^y 
(BAAQNG)  1993). 

Number  of  sources 

Not  available 

1985  emissioiis  NO, 

0 

tonnes  (OH  1992) 

1985  emissions  VOCs 

73  183 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

0* 

Potential  reduction  in  VOCs 

33* 

(BAAQMD  1993) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

HI  970 

tonnes  (OEl  1992;  Environment  Canada  1992b) 

Reduction  in  NO.  (2005) 

0 

tonnes 

Reduction  in  VOO  (2005) 

36  390 

tonnes 

Ufedme  of  action 

20 

years 

Capital  cost  multipber 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

$0 

(1990J)/t  eimssions 
reduced/a  (BAAQMD 
1993) 

Operating  cost  exponent 

I 

(Quantified  benefit  multiplier 

Included  m  operating  cost  multiplier 

Quaiitified  benefit  intercept 

Included  in  operatmg  cost  mulQplier 

Discount  rate 

6* 

Private 

3* 

Social 

Total  net  cost  of  action  (1990S) 

Capital  (S) 

Operanng  costs(Va) 

Benefits  (S/a) 

Aimual  net  cost  (S/a) 

Not  available 

Not  available 

Not  available 

SO 

hiCKLING 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K^6 


NO,  and  VOC  Ktioo  mmnury  infomutioa  sbeet 

PAINTSSb&6 

Sounxs  affected 

Area  source  SC  106  (architectural  coatings) 

Type  of  action 

Process  modification/substitution 

Actiaa 

Increase  spray  transfer  efficiency  and  watcrbome  coatings 

DescriptioD 

Use  of  high  transfer  efficiency  spiay  applications  equipment  and  reformulate  solvent  based  coatings  to 
waterbome.  Actual  cost  savings  due  to  reductions  in  the  quantity  of  coating  materials  used  probably 
exist,  though  estimates  are  not  available.  Since  many  of  the  coatings  yielding  large  savings  have  already 
been  reformulated,  the  more  recent  cost  estimates  were  chosen.  Cost  savings  associated  with  reduced 
solvent  use.  and  savings  in  operating  and  maintenance  costs  (BAAQMD  1993). 

References 

BAAQMD  1993;  Pechan  1989  &  1992;  OEI  1992;  Environment  Canada  1992b 

Unquaotified  ct»t(s)/beiiefit(s) 

Improved  health  and  safety.  Reduced  fire  hazard.  Slower  drying  time.  More  coatings  may  be  required. 
Lifetime  of  application  may  be  shorter  Cost  savings  expected  from  a  decrease  in  solvent  use.  hazardous 
waste  disposal  costs  and  die  extended  life  of  certain  spray  booth  components  such  as  filters  and 
wall/floor  paper  to  collect  overspray  (BAAQMD  1993). 

Number  of  sounxs 

Not  available 

0 

tonnes  (OH  1992) 

1985  emissions  VOC* 

73  183 

tonnes  (OH  1992) 

Potential  reduction  in  NO, 

0* 

Potential  reduction  in  VOCs 

77% 

0.325  (PAINTSSb)  +  (1-0.325)  x  0.65  (PAINTS6)  (BAAQMD  1993;  Pechan 
1992) 

2005  emissions  NO. 

0 

tonnes 

2005  emissions  VOCs 

111  970 

tonnes  (OB  1992:  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

86  105 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

SO 

(I990$)A  mcontroUed 
emissioos/a 

$0 

(1988  USlJ/long  ton 
uncontrolled  emis-sions/a 
(BAAQMD  1993; 
Pechan  1992) 

Operating  cost  enpooeni 

1 

(Juandiied  benefit  multiplier 

Included  m  operating  cost  multiplier 

(Quantified  benefit  intercept 

Included  in  operating  cost  mulnplicr 

thscount  rate 

6» 

Private 

3» 

Soaal 

Total  iKt  cost  of  action  (1990$) 

Capital  (S) 

Opcranng  costs(ya) 

Benefits  (Va) 

Annual  net  cost  ($/a) 

Not  available 

Not  available 

Not  available 

$0 

hiCKLING 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K^7 


NO,  mnd  VOC  iction  summary  inronnatian  sheet 

PAINTSSc 

Sources  affected 

Area  source  SC  108  (small  industry  surface  coating) 

Type  of  action 

Process  modification 

Action 

Increase  spray  ttansfer  efficiency. 

DesciipdoD 

Use  of  high  transfer  efficiency  spray  application  equipment,  including  bigfa-volome  low-pressure  spray 
equipment,  electrostatic  spray  equipment  and  detailing  guns.  Actual  cost  savings  due  to  reducQons  in 
the  quantity  of  coating  materials  used  probably  exist,  though  estimates  arc  not  available.  Actual  cost 
saving  is  expected  (BAAQMD  1993).  A  conservative  cost  saving  of  $0/t  emissions  reduced  is  assumed, 
although  saving  is  likely  larger 

References 

BAAQMD  1993;  OEI  1992;  Environment  Canada  1992b. 

Unquaotified  cost(s)/beDefit(s) 

Cost  savings  expected  &x)ro  a  decrease  in  solvent  use.  hazardous  waste  disposal  costs  and  the  extended 
.life  of  certain  spray  booth  components  such  as  fillers  and  wall/floor  paper  to  collect  overspray 
(BAAQMD  1993) 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

102 

tonnes  (OEI  1992) 

Potenlia]  reduction  in  NO, 

0% 

Potential  reduction  in  VOCs 

33* 

(BAAQMD  1993) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

156 

tonnes  (OEI  1992;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

51 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Coital  cost  expoaeot 

Not  applicable 

Operating  cost  multiplier 

$0 

(I990$)A  emissioos 
teduced/a  (BAAQMD 
1993) 

Operating  cost  exponent 

1 

(Quantified  benefit  multiplier 

Included  in  operating  cost  multiplier 

(juaotificd  benefit  intercept 

Included  in  operating  cost  multiplier 

Discount  rate 

6% 

Pnvatc 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operanng  costs($/a) 

Benefits  (Va) 

Annual  net  cost  (Va) 

Not  available 

Not  available 

Not  available 

SO 

HicklinG 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K^8 


NO,  and  VOC  actioa  sumnury  infomutioa  ibeet 

PAINTS* 

Sources  a^ected 

Area  source  SC  106  (architectural  coatings) 

Type  of  actioD 

Substinjtion 

ActioD 

Waierborne  coatings  in  achitectural  coatings  mdustry. 

DescripdoD 

Reformulate  solvent  based  coalings  to  waierborne  for  architectural  coating  applicanoos  Since  many  of 
the  coatings  yielding  large  savings  have  already  been  reformulated,  tbc  more  recent  cost  estimates  were 
cfaosen.  Cost  savings  assoaated  with  reduced  solvent  use 

References 

Pecfaan  1989  &  1992:  OEI  1992:  Environment  Canada  1992b 

Unquantified  cosI<sVbenefit(s) 

Improved  health  and  safety  and  reduced  fire  hazard  Slower  drying  time.  More  coatings  may  be 
required.  Lifetime  of  application  may  be  shorter 

Number  of  sources 

Not  available 

1985  emissiofu  NO, 

0 

tonnes  (OH  1992) 

1985  emusions  VOCs 

73  183 

tonnes  (OH  1992) 

Poteatial  reduclioii  m  NO, 

0* 

Potential  reduction  m  VOO 

65» 

(Pechan  $  Associates  1992) 

2005  emissioos  NO, 

0 

tonnes 

2005  emissioos  VOCa 

111  970 

tonnes  (OH  1992.  Environment  Canada  1992b) 

Reductiao  in  NO,  (2005) 

0 

tonnes 

Reducooo  in  VOCs  (2005) 

72  780 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  mulbplier 

Included  in  operating  cost  multiplier 

Capital  cost  expooeni 

Not  applicable 

Operanng  cost  multiplier 

$0 

(1990$)ft  uncooiroUed 
ermssioDs/a 

SO 

(1988  US)S/loog  ion 
uncontrolled  cmissiooa/a 
(Pechan  1992) 

Operating  cost  exponent 

1 

(Juantified  benefit  muloplier 

Included  in  operating  cost  multiplier 

(Juantified  benefit  intercep« 

Included  m  opcnong  cost  mulnpticr 

■discount  rate 

6» 

Private 

3» 

Social 

To«al  net  cost  of  action  (1990J) 

Capital  ($) 

Operaoog  costs(Va) 

Benefits  (Va) 

Annual  net  cost  (J/a) 

Not  available 

Not  available 

Not  available 

SO 

Hi(^ia.iNG 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K^9 


NO,  uid  VOC  action  sommiry  infonnation  sbctl 

PAINTS7 

Sources  affected 

Area  source  SC  107  (autobody  refinishing) 

Type  of  actioQ 

Substitutioo/Process  modifications 

Action 

Substitutioo/Process  modifications 

DesciiptioD 

Action  includes  the  replacement  of  lacquers  witb  low  solvent-based  enamels  or  urethanes.  installing 
cleanup  recovery  equipment  and  improving  the  transfer  efficiency  of  spraying  operations  using 
high-volume,  low-pressure  spray  equipment. 

References 

Pechan  1992;  OH  1992;  Environment  Canada  1992b 

Uiiqiianlified  cost(sVbenefit(s) 

Potential  mcreased  toxic  emissions  Increased  liquid/solid  wastes. 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

29  416 

tonnes  (OEI  1992) 

Potential  itduction  m  NO, 

0% 

Potential  reduction  in  VOCs 

50% 

(Pechan  $  Associates  1992) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

45  006 

tonnes  (OEI  1992;  Environment  Canada  1992b) 

Reductioo  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

22  503 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operabng  cost  multiplier 

Capital  cost  exponent 

Not  apphcable 

Operalmg  cost  multiplier 

(J2  582) 

(I990$)/t  unconntiUed 
emissions/a 

($2  000) 

(1988  US)$/long  ton 
uncontrolled  eimssions/a 
(Pechan  1992) 

Operating  cost  exponent 

1 

(Quantified  benefit  multiplier 

Included  in  operating 
cost  mulnpher 

(Quantified  benefit  intercept 

Included  in  operating 
cost  multiplier 

Discount  rate 

6% 

Private 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs(ya) 

Benefits  (Va) 

Annual  net  cost  (Va) 

Not  available 

Not  available 

Not  available 

($116  209  615) 

HicklinG 
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NO,  and  VOC  *ctiofi  tuaaoMiy  infomution  ibect 

PRINTINGl 

Sources  affected 

Pomt  source  SIC  3791  (printing) 

Type  of  acQoo 

Add  on  control 

Action 

(;arbon  adsorption  in  printing  and  publishing 

Descnpooo 

Capmie  VOC  emissions  using  carbon  adsotpnon  in  printing  and  publishing  facilities 

Refereoces 

Pechan  1992;  OH  1992,  Infonnetiica  1992 

Unquantified  cost(s)/betiefit(s) 

Increased  NO,  and  carbon  mononide  emissions  Increased  generation  of  liquid/solid  wale 

Number  of  sources 

Not  available 

1985  emiuions  NO, 

472 

tonnes  (OH  1992) 

1985  emijiioos  VOCs 

241 

tonnes  (OH  1992) 

Potential  reducnoo  in  NO, 

0» 

Potential  rtducnon  in  VOCs 

85* 

(Pechan  1992) 

2005  emissions  NO, 

562 

tonnes  (OH  1992;  Infotroetnca  1992) 

2005  emissions  VOCs 

287 

tonnes  (OH  1992;  Informetnca  1992) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

244 

tonnes 

Lifeiiine  of  action 

20 

years 

Ciphal  coct  mulnplier 

$37  443 

(1990$)/!  uncontrolled 

$29  002 

(1988  US$Vloog  ton 
tiDcootroUcd  cmusioos 
(Pechan  1992) 

Capital  cost  expooeni 

0,579 

Operating  cost  multiplier 

$585 

(1990$)/t  uncontrolled 
cmissiotu/a 

$453 

(1988  US$Vloog  ton 
unconnoUed  emissions/a 
(Pechan  1992) 

Operanng  cost  expooent 

0819 

Quantified  benefit  mulopber 

$340 

(1990$)A  uncontrolled 
enussions/a 

$263 

(1988  US$)/long  ton 
uncontrolled  eimsuoni/a 
(Pechan  1992) 

Quantified  betiefii  intercept 

0 

Ehscouni  rale 

6% 

Private  (assumed  capital  cosu  paid  by  private  sector) 

3» 

Social 

Total  net  cost  of  action  (1990S) 

Capital($) 

Operaong  costs($/a) 

Beoefiis  (Va) 

Annual  net  cost  ($/a) 

$2  262  812 

$81  653 

($97  422) 

$181  513 

HI^KlInG 
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NO,  uk)  VOC  action  summary  information  sheet 

PRINTING2 

Sources  affected 

Area  source  SC  109  (graphic  arts) 

Type  of  action 

Add  on  control 

Action 

Carbon  adsoiption  in  piinting  facilities. 

Description 

Capture  vex;  emissions  using  carbon  adsoiption  in  printing  facilities 

Refeiaices 

Pechan  1992:  OEl  1992;  Environmenl  Canada  1992b. 

Unquannfied  cost(sVbeDefit(s) 

Increased  NO,  and  carbon  monoxide  emissions.  Increased  generation  of  liquid/solid  wate. 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEl  1992) 

1985  emissions  VOCs 

10  632 

tonnes  (OEl  1992) 

Poceotial  reduction  in  NO, 

0* 

Potential  reduction  in  VOCs 

85% 

(Pechan  1992) 

2005  emissions  NO, 

0 

toimes 

2005  emissions  VOCs 

19  032 

tonnes  (OEl  1992;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

16177 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

$1  201 

(l990$)/t  uncontrolled 
emissicos 

$930 

(1988  US$)/long  ton 
uncontrolled  emissions 
(Pechan  1992) 

Capital  cost  exponent 

1 

Operating  ctst  multiplier 

$133 

(1990$)/!  uncontroUed 
emissioos/a 

$103 

(1988  US$)/long  ton 
uncontrolled  emissions/a 
(Pechan  1992) 

Operating  cost  exponent 

1 

(Quantified  benefit  multiplier 

$355 

{I990$)/t  uncontroUed 
emissions/a 

$275 

(1988  US$)/long  ton 
uncontrolled  emissions/a 
(Pechan  1992) 

(Quantified  benefit  intercepi 

0 

Discount  rate 

6% 

Private  (assumed  capital  costs  paid  by  private  sector) 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs(Va) 

Benefits  (Va) 

Annual  net  cost  ($/a) 

$22  850  918 

$2  530  801 

($6  756  992) 

($2  233  944) 

HicklinG 
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NO,  uxl  VOC  ictioo  ranunary  infomution  >b«t 

SOLVENTl 

Sources  affected 

Area  source  SC  110  (commeraal/consumer  solvent  use) 

Type  of  acooD 

Product  reformulation 

Acdoo 

Reformulate  consumer  products  to  lower  VCX;  etmssions 

DesmptioD 

Refonnulate  household,  automotive  and  personal  care  products,  pesticides  and  disinfecODts.  and 
adbesives  The  cost  estimate  is  based  on  dK  average  of  low  (no  change  in  product  form)  and  high 
(altered  pttxluct  form)  cost  analysis  across  die  five  consumer  categories  widi  a  range  of  $.004  to 
$  710  USJ/lb  The  cost  is  amortized  over  10  years  widi  an  interest  rate  of  10*. 

References 

CARS  1991:  OEl  1992;  Environment  Canada  1992b 

Unquandfied  costUVbenefirts) 

Possible  increase  in  toxic  air  emissions 

Number  of  sources 

Not  available 

19S5  emissions  NO, 

0 

tonnes  (OB  1992) 

1985  emissions  VOCs 

123  015 

tonnes  (OEl  1992) 

Potential  reduction  in  NO, 

0% 

Potential  reduction  in  VOCs 

30* 

(CARB  1991) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

140  237 

tonnes  (OEl  1992;  EnvironmenI  Canada  1992b) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reductiou  in  VOCs  (2005) 

42  071 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  mulbplier 

Included  ui  operating  cost  multiplier 

Capital  cost  expooeot 

Not  applicable 

Opentmg  cost  muldplier 

$530 

(1990$Vt  unconotiUed 
emissions/a 

$0.21 

(1991  US$Vpoimd 
uncontrolled 
emissioos/a  (CARB 
1991) 

Operaong  cost  expoocni 

Not  applicable 

(Quantified  bcDcfii  muloplier 

Included  in  operating  cost  multiplier 

(}uannfied  benefit  intercept 

Included  in  operating  cost  multiplier 

Discount  rate 

6* 

Private 

3* 

Social 

Total  net  cost  of  acboo  (1990$) 

Capital  ($) 

Operating  costs($/a) 

Benefits  (Va) 

Annual  net  cost  ($/a) 

Not  available 

Not  available 

Not  available 

$74  365  911 

HicklinG 
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NO,  and  VOC  actioa  summary  information  sheet 

S0LVENT2 

Sources  affected 

Area  source  SC  111  (cutback  asphalt) 

Type  of  actioo 

Substitution 

Action 

Water-based  asphalts 

Desciiptioo 

Emissions  fitim  cutbaclc  (petroleum  based)  asphalt  can  be  eliminated  by 

switching  to  emulsified  (water  based)  asphalts  The  cost  difference  depends  on  the  pnce  of 

petroleum. 

References 

Pechan  1989  &  1992;  OEl  1992;  Environment  Canada  1992b 

Unquantified  cost<s)/benefit(s) 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEl  1992) 

1985  emissions  VOCs 

5  356 

tonnes  (OEl  1992) 

Polenbal  reduction  in  NO, 

0% 

Potential  reductioa  in  VOCs 

100% 

(Pechan  1991) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

6  105 

tonnes  (OH  1992;  Environment  Canada  1992b) 

ReductioD  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOa  (2005) 

6  105 

toimes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

Not  applicable 

OpciBling  cost  multiplier 

$0 

(1990$)/!  uncontrolled  emisisons  /a  (Pechan  1992) 

Operating  cost  exponent 

Not  applicable 

Quantified  benefit  multiplier 

Included  in  operating  cost  multiplier 

(Quantified  benefit  intercept 

Included  in  operating  cost  multiplier 

Discount  rate 

6% 

Pnvaie 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  (S) 

Operating  costs(S/a) 

Benefits  (Va) 

Annual  net  cost  (Va) 

Not  available 

Not  available 

Not  available 

SO 

HicklinG 
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NO,  UDd  VOC  Ktioo  ramnur]'  informaiioa  ibcet 

TRAFFMGMTl 

Sources  afTeded 

Mobile  sources  SC  001  to  SC  013  -  On-road  mobile  sources 

Type  of  action 

Improve  arterial  and  fieeway  traffic  operations 

Actioo 

Reducooo  in  travel  demand 

Descriptioo 

Improve  traffic  flow/reduce  traffic  congestion  by  affecting  vehicle  trips,  including  inter-regional  and 
coitmiercical  travel,  as  well  as  commute  trips,  shopping,  recreation,  personal  business,  etc  trips 
Improvements  include  signal  timing.  "SMART"  stieeu,  unproved  traffic  operation  systems:  ramp  metering, 
traffic  surveillance,  advisory  signs  and  mcidenl  management  Capital  costs  include  incremental  armual  capital 
costs  and  capital  costs  Annual  cost  expected  lo  vary  between  $29,000  and  JII7.000/t  (BAAQMD  1991a). 
Assume  $58,00(Vl  Total  annual  cost  based  on  potennal  reduction  in  NO,  in  2005 

References 

BAAQMD  1991a,  1991b;  OH  1992;  MTO  1988;  Environment  Canada  1992b 

Unquandfied  cosB(s)/bei>efii(s) 

CO,  reduced  congestion,  travel  time,  slight  mcrease  m  Via  (0.17%)  and  trips  (0.13%) 

Number  of  lources  2005 

8  771  639 

All  on-road  mobile  sources  (MTO  1988) 

Number  of  sources  affected  2005 

8  771  639 

All  oo-road  mobUe  sources  (MTO  1988) 

1985  emissiOQS  NO, 

170  249 

tonnes  (OB  1992) 

1985  emissions  VOCs 

153  444 

tonnes  (OEl  1992) 

Potential  reduction  in  NO, 

2.0* 

(BAAQMD  1991a) 

Potential  reduction  in  VOCs 

2.2% 

(BAAQMD  1991a) 

2005  emissions  NO, 

127  803 

tonnes  (OEl  1992;  MTO  1988;  Environineni  Canada  1992b) 

2005  etmssioos  VOCs 

1 10  683 

tonnes  (OEl  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

2  582 

tonnes 

Reduction  in  VOCs  (2005) 

2468 

tonnes 

Lifistime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operating  cost  muliplier 

Capital  cost  exponent 

Not  applicable 

Operatmg  cost  mulnplier 

$58  000 

(1990$  M/tonne  reduced/  a)  includes  captial  costs  and  benefits  (BAAQMD 
1991a) 

Operating  cost  expooeni 

Noi  applicable 

Quantified  benefit  multiplier 

Included  in  operating  cost  muliplier 

Oiantified  beaefii  intercept 

Not  applicable 

Diacount  ntfe 

Not  applicable 

Private 

Not  applicable 

Soaal 

Total  net  cost  of  action  (1990S) 

Capital  ($) 

Operanng  costs($/a) 

Benefits  (Va) 

Annual  net  cost  (Va) 

Not  available 

Noi  available 

NcM  available 

$149  733  995 

HJCliLiNG 
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NO,  and  VOC  actioo  summary  information  slMct 

TRANSTTl 

Sources  affected 

Mobile  sources  SC  001  and.SC  002  -  On-road  vehicle  commuting  dips 

Type  of  action 

Reduction  in  travel  demand 

AcdoD 

Realistic  shift  in  transit  mode  share  to  16%  from  10%.  reducing  travel  demand  by  8%. 

Descripdoo 

Modal  shift  ftiMn  passenger  vehicles  to  public  transit  in  12  regions  in  Ontano  Coital  costs  represent 
annual  costs  of  equipment.  iDcrcroental  annual  direct  operating  costs  and  mcremental  annual  capital  costs. 
Capital  costs  include  J360  million  in  committed  provincial  expenditures.  Benefits  are  incremental  annual 
revenues 

References 

VHB  et  al  1991:  OH  1992;  MTO  1988;  Environment  Canada  1992b. 

Unquancified  cosKsVbenefitfs) 

Energy  savings,  reduction  in  emissions  of  particulates.  C02.  S02,  CO 

Number  of  sources  2005 

6  738  200 

gasoline  and  diesel  light  duty  motor  vehicles  (MTO  1988) 

Number  of  sources  affected  2005 

6  738  200 

gasoline  and  diesel  light  duty  motor  vehicles  (MTO  1988) 

1985  emissions  NO, 

85  835 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

102  638 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

8.0% 

passenger  vehicles  only  (VHB  et  al  1991) 

Potential  leduction  in  VOCs 

8.0% 

passenger  vehicles  only  (VHB  et  al  1991) 

2005  emissions  NO, 

35  222 

tonnes  (OEI  1992;  MTO  1988;  Environment  C:anada  1992b) 

2005  emissions  VOCs 

66  081 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

-    2  818 

tonnes 

Reduction  in  VOCs  (2005) 

5  286 

tonnes 

Lifetime  of  action 

17 

years 

Capital  cost  multiplier 

$838 

(1990$  M/a)  annualized  capital  costs  (VHB  et  al  1991) 

Capital  cost  intercept 

Not  applicable 

Operating  cost  multiplier 

$1  on 

(1990$  M/a)  (VHB  et  al  1991) 

Operating  cost  exponent 

Not  applicable 

<?uantified  benefit  multiplier 

($611) 

(Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6% 

Private 

3% 

Social  (assumed  capital  costs  paid  by  the  pubUc  sector) 

Total  net  cost  of  action  (1990$) 

Aimualized  capital 
(Va) 

Operating  costs($/a) 

Benefits  (Va) 

Aimual  net  cost  ($/a) . 

$838  480  663 

$1  Oil  238  490 

($610  704  420) 

$1  239  014  733 

HicklinG 
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NO,  and  VOC  action  lumnury  information  ibcct 

TRANSm 

Sources  affected 

Mobile  sources  SC  001  and  SC  002  -  On-road  vehicle  commuting  inps 

Type  of  action 

Reduction  in  travel  demand 

Action 

Optimistic  shift  in  Dansil  mode  share  to  22%  from  10%.  reducing  travel  demand  by  14% 

Dcscripbon 

Modal  shift  from  passenger  vehicles  to  public  transit  in  12  regions  in  Ontario  Capital  costs  frpre«eot  annual 
costs  of  cquipmeoi.  incremental  annual  direa  operating  costs  and  incremental  annual  capital  costs  Capital 
costs  include  S360  million  in  committed  provmcial  eipcndiOjres.  Benefits  are  mcremental  annual  revenues. 

References 

VHB  et  al  1991;  OH  1992;  MTO  1988;  Environment  Canada  1992b 

Unquantified  cost(s)/benefit(s) 

Energy  savings,  reduction  in  emissions  of  particulates.  C02.  S02,  CO 

Number  of  sources  2005 

6  738  200 

gasoline  and  diesel  light  duty  motor  vehicles  (MTO  1988) 

Number  of  sources  affected  2005 

6  738  200 

gasoline  and  diesel  light  duty  motor  vehicles  (MTO  1988) 

1985  eimssions  NO, 

85  835 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

102  638 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

140% 

passenger  vehicles  only  (VHB  et  al  I99I) 

Potential  reduction  m  VOCs 

140% 

passenger  vehicles  only  (VHB  et  al  1991) 

2005  emissions  NO, 

35  222 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

2005  emissions  VOCs 

66  081 

tonnes  (OEI  1992;  MTO  1988;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

4  931 

tonnes 

Reduction  in  VOCs  (2005) 

9251 

tonnes 

Lifenme  of  action 

17 

years 

Capital  cost  mulbplier 

SI  218 

(199<M  M/a)  annualized  capital  costs  (VHB  et  al  1991) 

Capital  cosi  iniercepi 

Not  applicable 

Operanng  cost  mulnplier 

$1  878 

(1990$  M/a)  (VHB  et  al  1991) 

Operanng  cost  exponent 

Not  applicable 

Quanbficd  benefit  multiplier 

(SI  134) 

(JuanQfied  benefit  intercept 

Not  applicable 

Discouni  rate 

6% 

Private 

3% 

Social  (assumed  capital  costs  paid  by  the  public  sector) 

Total  net  cost  of  action  (1990$) 

Annualized  capital  (S/a) 

Operanng  costs(S/a) 

Benefits  (Va) 

Annual  net  cost  (S/a) 

$1  218  107  735 

SI  878  328  729 

(SI  134  479  742) 

SI  961  956  722 

HiCklInG 
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NO,  um)  VOC  >ction  samnury  infomutioD  sheet 

VAPOURl 

Soiirces  affected 

Area  source  SC  101  (stage  I  gasoline  evaporation) 

Type  of  action 

Process  modification 

Action 

Vapour  balancing  during  unloading  gasoline  at  service  stations. 

Description 

Stage  1  emissions  are  reduced  as  tiie  displaced  vapours  in  the  service  station  storage  tank  are  tiansfencd 
to  the  truck  tank  during  filling  operations  Cost  savings  fixim  reduced  product  loss  are  expected.  SIC  361 
(refineries)  are  assumed  responsible  for  the  cost  of  the  action. 

References 

CCME  1990b;  OEl  1992;  Environment  Canada  1992b. 

Unquantified  cost(s)/benefit(s) 

Value  of  recovered  product. 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEl  1992) 

1985  emissions  VOCs 

16  180 

tonnes  (OEl  1992) 

Potential  reduction  in  NO, 

0% 

Potential  reduction  in  VOCs 

95% 

(CCME  1990b) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

21  358 

tonnes  (OEl  1992;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

20  290 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponeol 

Not  applicable 

Operating  cost  multiplier 

$181 

(1990J)/I  uncontroUed 
emissions/a 

$170 

(1987$)/t  uncontroUed 
emissicns^a  ((XME 
1990b) 

Operating  cost  exponent 

Included  in  operating  cost  multiplier 

Quantified  benefit  multiplier 

Not  applicable 

(Quantified  benefit  intercept 

Not  applicable     , 

Discount  rale 

6% 

Private 

3% 

Social 

Total  net  cost  of  action  (1990J) 

CJipital  (J) 

Operating  costs(Va) 

Benefits  (S/a) 

Annual  net  cost  (S/a) 

Not  available 

Not  available 

Not  available 

$3  874  493 

HicklinG 
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NO,  and  VOC  actioii  summary  infonnation  sheet 

VAPOURI&Sb 

Sources  affected 

Area  source  SC  101  (stage  1  gasoline  evaporation) 

Type  of  action 

Substiution/Process  modification 

Action 

Reduce  the  volatility  of  gasoline  for  five  months  a  year  and  vapour  balancing. 

Description 

For  five  months  a  year,  reduce  die  butane  content  of  gasoline  and  diereby  reduce  its  volatility  by  17  kPa 
-  from  79  kPa  to  62  kPa  (CCME  1990b).  Further  reductions  in  VOC  emissions  achieved  dutnigh  vapour 
balancing.  Costs  of  these  actions  based  on  VOC  Vt  for  actions  VAP0UR3a  and  VAP0UR4.  The  first 
95%  VOC  reduction  at  a  cost  of  $181/t  plus  the  remaining  10%  at  a  cost  of  $1  067/t.  Cost  savings  from 
leduced  product  loss  are  expected.  SIC  361  (refineries)  are  assumed  responsible  for  the  cost  of  the 
action. 

References 

CCME  1990b;  OEl  1992;  Environment  Canada  1992b. 

Unquantified  cost(s)/benefit(s) 

Less  product  loss  should  result  in  savings  to  the  sector. 

Number  of  sources 

Not  available 

1985  emissions  NO. 

0 

tonnes  (OEl  1992) 

1985  emissions  VOCs 

16  180 

tonnes  (OEl  1992) 

Potential  leduction  in  NO, 

0% 

V 

Potenbal  reduction  in  VOCs 

96% 

0.95  (VAPOURl)  +  (1-0.95)  •  0.10  (VAPOUR3b)  (CCME  1990b) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

21358 

tonnes  (OEl  1992;  Environment  Canada  1992b) 

Reduction  in  NO.  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

20  397 

tonnes 

Ufeliine  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

Not  applicable 

Opetating  cost  multiplier 

Costs  based  on  $181/t  uncontrolled  emissions  (VAPOURl)  for  a  95%  reduction  and  $1  067/t 
(VAPOUR3b)  remaining  uncontrolled  emissions  tor  a  10%  reduction  (CCME  1990b). 

Operating  cost  exponent 

Not  applicable 

Quantified  benefit  multiplier 

Included  in  pperating  cost  muldplier 

Quantified  benefii  intercept 

Not  applicable 

Discount  rate 

6% 

Private 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Coital  ($) 

Operating  costs($/a) 

Benefits  (Va) 

Annual  net  cost  ($/a) 

Not  available 

Not  available 

Not  available 

$5  013  921 

HicklinG 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K-59 


NO,  and  VOC  actioo  mmmary  infomutioii  sheet 

VAPOUR2 

Sources  affected 

Area  source  SC  102  (stage  11  gasoline  evaporation) 

Type  of  action 

Process  modification 

Action 

Vapour  balancing  during  refuelling  at  service  statiotis. 

Description 

Stage  n  emissions  are  reduced  as  the  displaced  vapours  in  Ifae  motor  vehicle  tank  are  transferred  to  the 
service  station  tank  during  refuelling.  Costs  are  for  implementation  in  the  Ontario  Region  of  the  V/QC. 
Cost  savmgs  frojn  reduced  product  loss  are  expected.  SIC  361  (refineries)  are  assumed  responsible  for 
the  cost  of  the  action. 

References 

Environment  Canada  1992a  1992b;  OH  1992. 

Unquanolied  cost(s)/beiiefit(s) 

Value  of  recovered  product. 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OH  1992) 

1985  emissions  VOCs 

16036 

tonnes  (OH  1992) 

Potential  reduction  in  NO, 

0* 

Potential  reduction  in  VOCs 

80% 

(Environment  Canada  1992) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

21  168 

tonnes  (OH  1992;  Environment  Canada  1992b) 

Reductico  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

16  934 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

$1781 

(I990$)/t  uncontrolled 
emissiciis/a 

$1  T76 

(1989$)A  uncontroUed 
emissiooVa 
(Envirtnment  Canada 
1992) 

Operating  cost  exponent 

Included  in  operating  cost  multiplier 

(Quantified  benefit  multiplier 

Not  applicable 

(Quantified  benefit  intercept 

Not  applicable 

Discount  tale 

6* 

Private 

3* 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs($/a) 

Benefits  ($/a) 

Annual  net  cost  ($/a) 

Not  available 

Not  available 

Not  available 

$37  696  606 

HicklinG 


APPENDIX  K:  action  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K-60 


NO,  utd  VOC  •ctioo  sumnury  information  ibect 

VAPOUR243C 

Sources  affected 

Area  source  SC  102  (stage  II  gasoline  evaporation) 

Type  of  action 

Substitution/Process  modificanon 

Acooo 

Reduce  the  volatility  of  gasoline  for  five  months  a  year  and  vapour  balanang 

DescnpdOD 

For  five  months  a  year,  reduce  the  butane  content  of  gasoline  and  thereby  reduce  its  volatility  by  17  kPa 
-  reduced  from  79  IcPa  to  62  kPa  (CCME  1990b)  Further  reducoons  in  V(X  emissions  achieved 
through  vapour  balancing.  Costs  of  these  actions  based  on  V(X  J/t  for  actions  VAPOUR3a  and 
VAPOUR4.  The  first  95»  VOC  reduction  at  a  cost  of  S181/t  plus  the  remaining  10*  at  a  cost  of  $1 
067/1. 

References 

CCME  1990b;  OEl  1992;  Environment  Canada  1992b. 

Unquanlified  cosKsVbeoefit(s) 

Less  product  loss  should  result  in  a  savings  to  the  sector 

Number  of  sources 

Not  available 

1985  emjssions  NO, 

0 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

16  036 

tonnes  (OEI  1992) 

Potential  reducoon  in  NO, 

0* 

Potential  leduction  in  VOCs 

82* 

0.80  (VAPOUR2)  +  (1-0.80)  •  0.10  (VAPOUR3c)  (CCME  1990b) 

2005  emissions  NO, 

0 

ttmnes 

2005  emissions  VOCs 

21  168 

tonnes  (OEI  1992;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

17  358 

tonnes 

Lifebroe  of  acnon 

20 

years 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

Not  applicable 

Opeianng  cost  mulaplier 

Costs  based  on  $1  781/t  uncontrolled  emissions  (VAPOUR2)  for  a  80*  reduction  and  $1  067/1 
(V/y>0UR3c)  remammg  uncontrolled  emissions  for  a  10*  reduction  (CCME  1990b) 

Operatmg  cost  expcnent 

Not  applicable 

(Quantified  beoefii  muloplicr 

Included  in  operating  cost  multiplier 

(Quantified  benefit  mtenepi 

Not  applicable 

Discount  rate 

6* 

Private 

3* 

Social 

Total  net  cost  of  action  (199(K) 

Capital  (S) 

OperaODg  costs(S/a) 

Benefits  (Va) 

Annual  nei  cost  (J/a) 

Not  available 

Not  available 

Not  available 

S42  213  754 

HiCklInG 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K-61 


NO,  and  VOC  action  nunmary  infomution  thcel 

VAPOUR3a 

Sources  affected 

Point  source  SIC  Sill  (storage  and  transfer  depots) 

Type  of  actioo 

Substitution 

AcdoD 

Reduce  the  volatility  of  gasoline  for  five  months  a  year. 

Desciiptica 

For  five  months  a  year,  reduce  the  butane  content  of  gasoline  and  tfiereby  reduce  its  volatility  by  17  kPa 
-  reduced  fitim  79  kPa  to  62  kPa  (CCME  19906).  Reductions  in  gasoline  volatility  will  reduce  VOC 
emissions  in  mobile  as  well  as  stationary  sources.  Cost  savings  from  reduced  produa  loss  are  expected. 
SIC  361  (refineries)  are  assumed  responsible  for  the  cost  of  the  action.  Costs  ate  attributed  to  the 
sources  effected  by  the  action.  Acnial  costs  of  action  will  be  borne  by  refineries  (SIC  361) 

Refoeoces 

CCME  1990b:  OEl  1992;  Informemca  1992 

Unquantified  cost(sybenefit(s) 

Less  product  loss  should  result  in  savings  to  the  sector 

Number  of  sources 

15 

1985  emusiom  NO, 

37 

tonnes  (OEl  1992) 

1985  emissions  VOCs 

912 

tonnes  (OEl  1992) 

Pocendal  reduction  in  NO, 

0% 

Potential  reduction  in  VOCs 

10% 

(CCME  1990b) 

2005  emissions  NO, 

41 

tonnes  (OEl  1992;  Infotmetiica  1992) 

2005  emissions  VOCs 

1  000 

tonnes  (OEl  1992:  Informetrica  1992) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

100 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  opeiating  cost  multiplier 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

Jl  067 

(1990$Vt  uncontroUed 
emissions/a 

$1  000 

(1987$Vt  uncontroUed 
emissions/a  ((XME 
1990b) 

Operating  cost  expooeai 

1 

Quantified  benefit  multiplier 

Included  in  operating  cost  multiplier 

(Quantified  benefit  intercept 

Not  applicable 

Discount  rale 

6% 

Private 

3% 

Social 

Tocal  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs(Va) 

Benefits  (Va) 

Aimual  net  cost  (S/a) 

Not  available 

Not  available 

Not  available 

$1  067  121 

HicklinG 


APPENDIX  K:  ACnON  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K-62 


NO,  and  VOC  actioo  samnury  infomutioii  ihcct 

VAPOUR3.44 

Sources  affected 

Point  source  SIC  5111  (storage  and  transfer  depots) 

Type  of  actioo 

Subsonmon/Add  on  control 

ActioD 

Reduce  the  volatility  of  gasoline  for  five  months  a  year  and  vapour  capture 

Descnpcioo 

For  five  months  a  year,  reduce  Ibe  butane  content  of  gasoline  and  thereby  reduce  its  volatility  by  1 7  kPa 
-  reduced  from  79  kPa  to  62  kPa  (CCME  1990b)  Addidooal  reduction  in  VIX:s  with  vapour  capnne 
Costs  of  these  actions  based  on  VOC  Vl  for  actions  VAPOUR3a  and  VAPOUR4  The  first  10%  VOC 
reduction  at  a  cost  of  SI  067/1  plus  the  remaining  90%  at  a  cost  of  SI28/L 

RefcTCDces 

CCME  1990b;  OEl  1992;  Infonnetrica  1992 

Uoquaotificd  cost($Vbcoefit(s) 

Less  product  loss  should  result  in  savings  to  die  sector 

Number  of  sources 

15 

1985  emissiom  NO, 

37 

tonnes  (OEI  1992) 

1985  enusjions  VOCs 

912 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

0% 

Potential  reduction  in  VOCs 

91% 

0  10  (VAP0UR3a)  +  (1-0  10)  •  090  (VAPOUR4)  (CCXE  1990b) 

2005  emissions  NO, 

41 

tonnes  (OEI  1992;  Infonnetrica  1992) 

2005  eimssions  VOCs 

1  000 

tonnes  (OEI  1992;  Informetnca  1992) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

910 

toimes 

Lifeome  of  action 

20 

years 

Capital  cost  muluplicr 

Included  m  operating  cosi  mulnplia 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

Costs  based  on  $1  067/t  uncontrolled  emissions  (VAPOUR3a)  for  a  10%  reduction  and  $12^/1  remaining 
uncontrolled  emissions  (VAPOUR4)  for  a  90%  reduction  (CCME  1990b) 

Operating  cost  exponent 

1 

Quantified  benefit  multiplier 

Included  in  operanng  cost  mulnplier 

Quantified  beaefii  intercept 

Not  applicable 

Discount  rate 

6% 

Private 

3% 

Soaal 

Total  net  cost  of  action  (I990I) 

Capital  ($) 

Operanng  co<u(S/a) 

Benefiu  (Va) 

Annual  net  cost  (S/a) 

Not  available 

Not  available 

Not  available 

$1  182  321 

HICrailNG 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K-63 


NO,  aod  VOC  action  smnmary  inromution  shett 

VAPOUR3b 

Sowces  affected 

Area  source  SC  101  (stage  I  gasoline  evapoiation) 

Type  of  action 

Substimtion 

Action 

Reduce  the  volatility  of  gasoline  for  five  months  a  year. 

Descripcion 

For  five  months  a  year,  reduce  the  butane  content  of  gasoline  and  thereby  reduce  its  volatiUty  by  17  kPa 
-  reduced  from  79  kPa  to  62  kPa  (CCME  1990b)  Reductions  in  gasoline  volatility  will  reduce  VOC 
emissions  in  mobile  as  well  as  stationary  sources.  Cost  savings  bom  reduced  product  loss  are  expected. 
SIC  361  (refineries)  are  assumed  responsible  for  the  cost  of  the  action.  Costs  are  atdibuted  to  the 
sources  effected  by  the  action  Actual  costs  of  action  will  be  borne  by  refineries  (SIC  361) 

References 

CCME  1990b;  OEl  1992;  Environment  Canada  1992b. 

Unquantified  cost(sVbenefit(s) 

Less  product  loss  should  result  in  savings  to  the  sector. 

Number  of  sources 

Not  available 

1985  emissions  NO, 

0 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

16  180 

tonnes  (OH  1992) 

Potential  reduction  in  NO, 

0% 

Potential  reduction  in  VOCs 

10* 

(CCME  1990b) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

21  358 

tonnes  (OO  1992;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

2  136 

tonnes 

Lifetime  of  action 

20 

years 

Coital  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

Not  applicable 

Operating  cost  multiplier 

$1  067 

(I990$)/t  uncontroUed 
emissions/a 

$1  000 

(1987S)A  unconiTolled 
emissions/a  (CCME 
1990b) 

Operating  cost  exponent 

Not  applicable 

(Quantified  benefit  multiplier 

Included  in  operating  cost  multiplier 

(Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6% 

Private 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs(Va) 

Benefits  (Va) 

Annual  net  cost  (S/a) 

Not  available 

Not  available 

Not  available 

$22  791  135 

hiCKLING 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K-64 


NO,  and  VOC  actioii  somnury  tnfonxution  sheet 

VAPOUlUc 

Sources  affected 

Area  source  SC  102  (stage  U  gasoline  evapoiatian) 

Type  of  action 

Substitution 

Actjoo 

Reduce  the  volatility  of  gasoline  for  five  months  a  year. 

E>eschpiiaa 

For  five  months  a  year,  reduce  the  butane  content  of  gasoline  and  thereby  reduce  its  volatility  by  17  kPa 
-  rrducrri  from  79  kPa  to  62  kPa  (CCME  1990b).  Reductions  in  gasolme  volatility  will  reduce  VOC 
emissions  in  mobile  as  well  as  stationary  sources.  Cost  savings  are  due  to  reduced  product  loss.  Costs 
are  attributed  to  the  sources  effected  by  Ibe  action.  Actual  costs  of  action  will  be  borne  by  refioeiies 
(SIC  361). 

References 

CCME  1990b;  OEl  1992;  Environment  Canada  1992b. 

Unquanlified  cost(sVbenefit(s) 

Less  product  loss  should  result  in  savings  to  the  sector. 

Number  of  sources 

Not  available 

1985  emissioiis  NO, 

0 

tonnes  (OEl  1992) 

1985  emissions  VOCs 

16  036 

tonnes  (OEl  1992) 

Poccniial  reduction  m  NO, 

0* 

Potential  reduction  in  VOCs 

10* 

(CCME  1990b) 

2005  emissions  NO, 

0 

tonties 

2005  emissions  VOCs 

21  168 

tonnes  (OEl  1992;  Environment  Canada  1992b) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

2  117 

tonnes 

Lifenme  of  action 

20 

years 

Capitai  cost  mulbplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

Not  applicable                      ^ 

Openting  cost  muloplier 

SI  067 

(1990S)A  uncontroUed 
eimssions/a 

$1  000 

(1987$)A  uncontroUed 
emissions/a  (CCME 
1990b) 

Openong  cost  exponent 

Not  applicable 

Quantified  benefit  multiplier 

Included  in  operanng  cost  multiplier 

QuantiAed  benefit  intercept 

Not  applicable 

Discount  rate 

6» 

Pnvaie 

3* 

Soaal 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  cosu(Va) 

Benefits  (Va) 

Annual  net  cost  ($/a) 

Not  avaiUMc 

Not  available 

Not  available 

J22  588  297 

HlCia,ING 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K-65 


NO,  «Dd  VOC  action  rammary  infomution  sheet 

VAPOUR3d 

Sources  affected 

Area  source  SC  103  (transit,  loading  &  unloading  vapour  loss) 

Type  of  action 

Substitution 

Action 

Reduce  die  volatilily  of  gasoline  for  five  months  a  year. 

Descripiioa 

For  five  months  a  year,  reduce  the  butane  content  of  gasoline  and  thereby  reduce  its  volatility  by  17  IcPa 
-  ieduced  from  79  kPa  to  62  kPa  (CCME  1990b).  Reductions  in  gasolme  volatility  will  reduce  VOC 
emissions  in  mobile  as  well  as  stationary  sources.  C^st  savings  are  due  to  reduced  product  loss  Costs 
are  attributed  to  the  sources  effected  by  the  action.  Actual  costs  of  action  will  be  borne  by  refineries 
(SIC  361) 

Referenocs 

CCME  1990b;  OH  1992;  Environment  Canada  1992b. 

Unquantified  cost(s)/bejiefit(s) 

Less  product  loss  should  result  in  savings  to  the  sector. 

Number  of  sources 

Not  available 

1985  emiuions  NO. 

0 

tonnes  (OEI  1992) 

1985  enuMions  VOCs 

248 

tonnes  (OEI  1992) 

Potential  reductioa  in  NO, 

0* 

Potential  reduction  in  VOCs 

10* 

(CCME  1990b) 

2005  emissions  NO, 

0 

tonnes 

2005  emissions  VOCs 

327 

tonnes  (OEI  1992;  Environment  Canada  1992b) 

Reduction  in  NO,  <2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

33 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  opeiating  cost  multiplier 

Capital  cost  exponent 

Not  applicable 

Opeiating  cost  multiplier 

SI  067 

(I990$)/t  uncontroUed 
emissions/a 

$1  000 

(1987$)A  uncontroUed 
emissions/a  (CCME 
1990b) 

Operating  cost  exponent 

Not  applicable 

Quantified  benefit  multiplier 

Included  in  operating  cost  multiplier 

Quantified  benefii  intercept 

Not  applicable 

Discount  rate 

6% 

Private 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs(ya) 

Benefits  (S/a) 

Annual  net  cost  (S/a) 

Not  available 

Not  available 

Not  available 

S349  333 

HicklinG 


APPENDIX  K:  ACTION  SUMMARY  SHEETS  FOR  STATIONARY  AND  MOBILE  SOURCES 


K-66 


NO,  mad  VOC  actioa  somnury  infonnition  ibecl 

VAPOUR4 

Sources  affected 

Point  source  SIC  5111  (storage  and  transfer  depots) 

Type  of  acdon 

Add  on  control 

Action 

Vapour  capture  ai  markenngAulk  terminals 

DescnpdOD 

Carbon  adsorption  first  capnirts  the  vapours  which  ate  dien  recovered  by  absorption.  Reduces  wotting 
and  breathing  losses.  Cost  savings  are  due  to  reduced  product  loss. 

References 

CCME  1990b;  OEI  1992;  InfotmetrKa  1992 

Unquaniified  co$t(sVbeiiefit(s) 

Less  product  loss  should  result  in  savings  to  the  sector. 

Number  of  sources 

15 

1985  emissions  NO, 

37 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

912 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

0% 

Potential  reducnon  m  VOCs 

90* 

((XME  1990b) 

2005  emissions  NO, 

41 

tonnes  (OEI  1992; 
Informenica  1992) 

2005  emissions  VOCs 

1  000 

tonnes  (OEI  1992;  Informetrica  1992) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

900 

tonnes 

Lifetiine  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operanng  cost  mulbplier 

Capital  cost  exponent 

Not  applicable 

OperatiDg  cost  mulnplier 

S128 

(1990$)A  unconlroUed 
emissions/a 

$120 

(1987J)rt  uncontroUed 
emissions/a  ((XME 
1990b) 

Operating  cost  exponent 

1 

Quantified  benefit  multiplier 

Included  in  operanng  cost  multiplier 

Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6» 

Pnvaie 

3» 

Soaal 

Total  net  cost  of  acoon  (1990$) 

Capital  (i) 

Operanng  costs(Va) 

Benefits  (Va) 

Annual  net  cost  (J/a) 

Not  available 

Not  available 

Noi  available 

$128  560 

HicrlinG 
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NO,  and  VOC  action  nunmary  infomutioii  sheet 

VAPOURS 

Sources  affected 

Point  soum  SIC  378  (organic  chemical  plants) 

Type  of  action 

Add  on  control 

Action 

Vapour  control  devices. 

DescriptioD 

Combustion  control  devices  and  carbon  adsorption  when  applied  to  vent  sDeams  reduce  VOC  emissions. 
The  preferred  control  technique  depends  on  the  chemical  being  manufactured  and  the  process  used.  The 
costs  of  combustion  and  adsorption  control  options  differs.  C^sts  used  in  the  action  represent  expected 
average  cost 

References 

CCME  1990b;  OEI  1992;  Infonnetrica  1992. 

Unquantified  cosKsVbenefitfs) 

Reduced  emissions  of  other  potentially  toxic  pollutants  (eg.  organochlorines). 

Number  of  sources 

64 

198S  emissions  NO, 

2  565 

tonnes  (OEI  1992) 

198S  emissions  VOCs 

3  581 

tonnes  (OEI  1992) 

PotentiaJ  reductioa  in  NO, 

0% 

PocentiaJ  reduction  in  VOCs 

93% 

(CCME  1990b) 

200S  emissions  NO, 

3060 

tonnes  (OEI  1992; 
Infortnetrica  1992) 

2005  emissions  VOCs 

4  272 

tonnes  (OH  1992;  Infonnetrica  1992) 

Reduction  in  NO,  (2005) 

0 

Reduction  in  VOCs  (2005) 

3  973 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Coital  cost  expooeot 

Not  applicable 

Operating  cost  multiplier 

$351 

(I990$)A  uncontroUed 
emissions/a 

$329 

(I987$)/t  uncooiroUed 
emissions/a  (CCME 
1990b) 

Operating  cost  exponenl 

1 

Quantified  benefil  multiplier 

Included  in  operating  cost  multipher 

(Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6* 

Private 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  (S) 

Operating  costs(Va) 

Benefits  (S/a) 

Annual  net  cost  (Va) 

Not  available 

Not  available 

Not  available 

$1  499  902 

hiCKLING 
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NO,  and  VOC  action  Runmar;  infonnatioo  sheet 

VAPOURS46 

Sources  a^ected 

Point  source  SIC  378  (organic  chemical  plants) 

Type  of  action 

Behavioural/Process  modification/ Add  on  control 

Action 

LDAR,  leakless  equipnienl  and  vapour  cono^ol  devices 

Descripiian 

Implement  a  leak  detection  and  repair  program  (LDAR).  install  leakless  equipment  and  vapour  contiol 
devices.  Cost  of  this  action  based  on  VOC  Sit.  First  93%  of  VOC  emissions  al  a  cost  of  $378/1 
(VAP0UR5),  the  remaining  56%  at  a  cost  of  $2  925/1  (VAPOUR6). 

References 

(XME  1990b;  OEI  1992;  Informetrica  1992 

Unquantified  cost(s)/benefiKs) 

Reduced  emissions  of  other  potentially  toxic  pollutants  (eg  organochlorines). 

Number  of  sources 

64 

1985  emissions  NO, 

2  565 

tonnes  (OEI  1992) 

1985  emissions  VOCs 

3  581 

tonnes  (OEI  1992) 

Potential  reduction  in  NO, 

0% 

Potendal  reduction  in  VOCs 

97% 

0.93  (VAPOUR5)  +  (1-0.93)  •  0.56  (V/VPOUR6)  (CCME  1990b) 

2005  emissions  NO, 

3060 

tonnes  (OEI  1992;  Infotmetiica  1992) 

2005  emissions  VOCs 

4  272 

tonnes  (OEI  1992;  Infonneoica  1992) 

ReducdoD  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

4  140 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

Not  applicable 

OperatiDg  cost  multiplier 

Costs  based  on  $361/1  unconmilled  emissions  (VAPOURS)  for  a  93%  reduction  and  $1638/1  remaining 
uncontrolled  emissions  (VAP0UR6)  for  a  56%  reduction  (CCME  1990b) 

Operating  cost  exponent 

1 

(Quantified  benefit  multiplier 

Included  in  operating  cost  multiplier 

Quantified  benefit  intercept 

Not  applicable 

Discount  rate 

6% 

Private 

3% 

Social 

Total  net  cost  of  action  (1990$) 

Capital  ($) 

Operating  costs($/a) 

Benefits  ($/a) 

Annual  net  cost  ($/a) 

Not  available 

Not  available 

Noi  available 

$1  989  734 

HlCkLlNG 
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NO,  and  VOC  action  nmmary  infornulioo  tbcct 

VAPOUR6 

Sources  affected 

Point  souice  SIC  378  (organic  chemical  plants) 

Type  of  acnoo 

Behaviomal  &  process  modification 

Acdon 

LDAR  and  leakless  equipment 

Dcscripdoo 

The  efficiency  of  leak  detection  and  repair  programs  (LDARs)  depends  on  many  factoid  including  the 
frequency  of  inspection;  while  die  mstallation  of  leakless  equipment  achieves  100*  control  efficiency 
Cost  savings  from  reduced  product  loss  are  expected  to  result  in  a  short  payback  period  to  point  sources. 

References 

CCME  1990b;  OEl  1992;  Infonnetiica  1992 

Unquantifiid  co$«sVbenefit(s) 

Reduced  emissioDs  of  other  potentially  toxic  pollutants  (eg  organochlotines). 

Number  of  sources 

64 

1985  emissions  NO, 

2  565 

toones  (OEI  1992) 

1985  emissions  VOCs 

3  581 

tonnes  (OH  1992) 

Poceniud  teductiao  in  NO, 

0* 

Potendal  reduction  in  VOCs 

56% 

(CCME  1990b) 

2005  emissiuns  NO, 

3060 

tonnes  (OB  1992; 
Informetiica  1992) 

2005  emissions  VOCs 

4  272 

tonnes  (OEl  1992;  Infonneoica  1992) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reduction  in  VOCs  (2005) 

2  392 

tonnes 

Lifetime  of  action 

20 

years 

Capital  cost  mulnplia 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

Not  applicable 

Opeialiog  cost  multiplier 

$1  638 

(1990J)rt  uncontroUed 
emissions/a 

$1  535 

(1987$)/t  uncontroUed 
emissions^a  (CCME 
1990b) 

Opeiuing  cost  Mpooeni 

1 

(>iantified  benefit  multiplier 

Included  m  operating  cost  multiplier 

(Quantified  benefit  intercept 

Not  applicable 

[>iscount  rate 

6» 

Pnvate 

3% 

Social 

Tottl  net  co«  of  action  (1990$) 

Capiol  ($) 

Operating  costs(Va) 

Benefits  (J/a) 

Annual  net  cost  ($/a) 

Not  available 

Not  available 

Not  available 

$6  998  077 

HicklinG 
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VAPOUR7 

Sources  affected 

Poini  sounx  SIC  361  (lefinenes) 

Type  of  action 

Behavioural  &  Process  modificanon 

Actioa 

LDAR  and  leakless  equipment 

Descripoco 

Fuginve  emissions  can  be  conirolled  by  implementing  a  leal  detection  and  repair  program  (LX)AR)  and 
by  installing  controls  and  leakless  equipment.  Cost  savings  are  due  to  reduced  pniduct  loss. 

RcTcicuccs 

CCME  1990b;  OEI  1992;  Infonnetnca  1992. 

Unquantified  cost<s)/beDefi«s) 

Less  product  loss  should  result  in  savings  to  the  sector 

Number  of  sources 

189 

1985  emissions  NO, 

12  068 

tonnes  (OEI  1992) 

1985  eimssions  VOO 

34  474 

tonnes  (OH  1992) 

Potennal  reducnon  in  NO, 

0% 

Potential  reductioa  in  VOCs 

80* 

(CCME  1990b) 

2005  emissions  NO, 

13  359 

tonnes  (OEI  1992; 
InfoiTDemca  1992) 

2005  emissions  VOO 

38  163 

tonnes  (OEI  1992;  Infonnetnca  1992) 

Reduction  in  NO,  (2005) 

0 

tonnes 

Reducnon  in  VOCs  (2005) 

30  530 

tonnes 

Lifenme  of  action 

20 

yean 

Capital  cost  multiplier 

Included  in  operating  cost  multiplier 

Capital  cost  exponent 

Not  applicable 

Opetaiiog  cost  multiplier 

S440 

(I990$)A  uncontrolled 
emissions/a 

$412 

(1987$)A  imconiroUed 
eimssioos/a  (CCME 
1990b) 

Operanng  cost  ciponeni 

1 

(Quantified  benefit  mulbplier 

Included  in  operating  cost  mulnplier 

Not  applicable 

Discount  rate 

6* 

Private 

3» 

Social 

Total  net  cost  of  action  (1990S) 

(jpital  (S) 

Operanog  costs(S/a) 

Benefits  (Va) 

Annual  net  cost  (Va) 

Noi  available 

Not  available 

Not  available 

$16  m  093 

HicklinG 


